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BEPOKT

THE FOURTEENTH ANNIVERSARY MEETING

OF THE

CAVENDISH SOCIETY.

THE Anniversary Meeting of the Cavendish Society for the

year 1861, was held at the rooms of the Chemical Society, in

Burlington House, on Friday the 1st of March, at three o'clock

in the afternoon.

The Chair was taken by THOMAS GRAHAM, Esq., F.R.S.,

President, who called upon the Secretary to read

THE REPORT OF THE COUNCIL.

" IN submitting the Annual Statement of their Proceedings to

the Members of the Cavendish Society, the Council trust it will be

found that satisfactory progress has been made in carrying out the

object to which their efforts have recently been chiefly directed of

completing at as early a period as possible the translation of GMELIN'S

'Handbook of Chemistry.' The generally expressed opinion of

Members, and the decision of previous Councils, have been favourable

to the adoption of this course; and the undiminishcd support afforded

by Subscribers during- the past year has enabled the Council to

proceed in it with as much expedition as the rate of production of

the German edition of the work would admit. The fourteenth



volume, comprising organic compounds with twenty and twenty-

two atoms of carbon, has just been completed, and is now being

distributed to Subscribers for the year 1860. The remaining

portion of the work will occupy two more volumes, and there is

every reason to believe that these will be produced with the

regularity which has marked the progress of the publication of the

work for several years past. The Members may, therefore, anti-

cipate the satisfaction of seeing this their great work brought

to a conclusion in about two years from the present time. Arrange-

ments have also been made for the preparation of a complete index

to the work, which Mr. WATTS has undertaken, and which, if the

Members continue to give the requisite support to the Council, may
constitute a second volume for the year in which the work is

finished.

"
During the progress of the translation of the organic part of

the work, it has been found necessary in some of the later volumes

to introduce much new matter belonging, according to the arrange-

ment adopted, to preceding volumes, and resulting from investiga-

tions made since their publication. In volumes nine, ten, twelve,

and thirteen there are 377 pages devoted to such additional matter,

forming appendices to those which preceded, and there will probably

be a still greater quantity of matter to be added to the two

remaining volumes to bring even the organic part of the work up
to the then existing state of chemical knowledge. So rapid, indeed,

is the progress of discovery in this prolific department of chemistry,

that when the last volume of GMELIN'S work has been prepared, it

is estimated, if the three departments of inorganic and organic

chemistry and chemical physics be included, that there will be a

sufficient amount of new matter to make a volume annually of the

size of those hitherto issued. It will be a question for the con-

sideration of the Members and of future Councils whether the annual

publication of all new matter, condensed and arranged in the way
in which this was originally so ably done by LEOPOLD GMELIN, and

has since been continued by Mr. WATTS, would not constitute a

work to which the Cavendish Society might apply their means

with advantage. The expense of preparing such a work would bo

rather greater than that of merely translating, and it could only be

undertaken in the event of an increased number of Subscribers
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manifesting a disposition to support the Council in carrying out

this object if it should be thought desirable.

" It will be observed on reference to the financial statements for

this and previous years that the income of the Society has to some

extent been derived from the sale of books which were issued

several years ago, and of which more copies were printed than

were required to supply the Members. The arrangements under

which this distribution of the surplus copies of some of the Society's

works has been effected, has fully answered the purpose contem-

plated; a large number of valuable scientific works have been

brought within the reach of chemists who could not otherwise

have obtained them, and increased means have been afforded

the Society for extending its operations by the production of

new books. With reference to the early volumes of GMELIN'S
1

Chemistry
'

the stock has by this means been greatly reduced, so

that only a limited number of some of the volumes remain on hand,

and for some time past there has been none of the first volume

left. The Council are happy to say that they have made an

advantageous arrangement with the printers, and the agent,

Mr. HARRISON, for the reprinting of the first volume of the

' Handbook ' without entailing any pecuniary responsibility on the

Society, and Members or others whose sets of the work are

deficient of this volume may now obtain it at 59, Pall Mall.

The re-issue of this volume also enables the Council to make up a

few complete sets from Vol. 1 to Vol. 12 inclusive, which will be

supplied for six guineas, the previously existing arrangement for

the disposal of sets from Vol. 2 to Vol. 6 being now cancelled.

Separate volumes, however, from Vol. 4 upwards, may be obtained,

as there are found to be several such left after making up as many

complete sets as the early volumes on hand would admit of."





It was resolved

"That the Report just read be received, approved, and adopted."

The Meeting then proceeded to the election of Officers for the

ensuing year, and the following Gentlemen were declared to have
been duly elected :

THOMAS GRAHAM, F.R.S.

PROFESSOR BRANDE, F.R.S.

WALTER CRUM, F.R.S.

JOHN DAVY, M.D., F.R.S.

CHARLES G.B.DAUBENY, M.D., F.R.S.

THE DUKE OP DEVONSHIRE, F.R.S.

MICHAEL FARADAY, D.C.L., F.R.S.

JOHN GRAHAM, F.C.S.

A. W. HOPMANN, Ph. D., LL.D.,
F.R.S.

HENRY BEATJMONT LEESON, M.D.,
F.R.S.

W. A. MILLER, M.D., F.R.S.

ROBERT PORRETT, F.R.S.

WILLIAM SHARPEY, M.D., F.R.S.

Council.

G. B, BUCKTON, F.R.S.
DTTGALD CAMPBELL, F.C.S.

P. J. CHABOT, M.A., F.R.A.S., F.C.S.

W. FERGUSON, ESQ.
E. FRANKLAND, Ph.D., F.R.S.

J. H. GILBERT, Ph.D., F.R.S.

DANIEL HANBURY, F.L.S.

CHARLES HEISCH, F.C.S.

A. W. HOPMANN, LL.D., F.R.S.
N. S. MASKELYNE, F.C.S.

TRENHAM REEKS, ESQ.
ALFRED SMEE, F.R.S.

J. DENHAM SMITH, F.C.S.

R. D. THOMSON, M.D., F.R.S.

A. W. WILLIAMSON, Ph.D. F.R.S.
COLONEL PHILIP YORKE, F.R.S.

GEORGE DIXON LONGSTAPP, M.D., 9, Upper Thames Street.

J->mtarg,
THEOPHILUS REDWOOD, Ph. D., 19, Montague Street, Russell Square.

Collector.

MR. THOMAS WEST, Burlington House, Piccadilly, W.

8gent for tlje JBtetrtihttton at 280oft, &c.

MR. F. HARRISON, 59, PALL MALL, S.W.

It was resolved

"That DRS. DE LA RUE, ODLING, and STENHOUSE be

appointed Auditors for the ensuing year."

The following Resolutions were unanimously adopted :

"That the thanks of the Meeting be given to the PRE-
SIDENT, COUNCIL, and OFFICERS, for their services to the

Society."
" That the thanks of the Meeting be given to the HONORARY

LOCAL SECRETARIES for their services to the Society."
" That the thanks of the Meeting be given to the CHEMICAL

SOCIETY for the use of their rooms."

THEOPHILUS REDWOOD, SECRETARY,
19, Montague St., Russell Square, & 17, Bloomsbury Square.

MARCH, 1861.



OBJECTS, &c.3 OF THE CAVENDISH SOCIETY.

THE Cavendish Society was instituted for the promotion of

Chemistry and its allied sciences, by the diffusion of the literature

of these subjects.
The subscription, constituting membership, is one guinea a-year,

to be paid in advance; and the subscription becomes due on the

1st of January of each year. A member is entitled to a copy of

every book published by the Society for the year for which he has

subscribed, but no member can receive the Society's publications
until his subscription has been duly paid.

WORKS OF THE CAVENDISH SOCIETY.

1848.

1. CHEMICAL REPORTS AND MEMOIRS. Edited by THOMAS
GRAHAM, F.R.S. (Out of Print.)

2. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Trans-
lated by HENRY WATTS, B.A., F.C.S. Vol. I.

1849.

3. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. II.

4. HAND-BOOK OF CHEMISTRY. BY LEOPOLD GMELIN. Vol. III.

5. THE LIFE AND WORKS OF CAVENDISH. By Dr. GEORGE
WILSON.

1850.

6. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. IV.
7 HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. V.

1851.

8. PHYSIOLOGICAL CHEMISTRY. By PROFESSOR LEHMANN.
Translated by GEORGE E. DAY, M.D., F.R.S. Vol. I. (Out of

Print.)
9 HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. VI.

1852.

10. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. VII.

(Organic Chemistry, Vol. I.)

11. PHYSIOLOGICAL CHEMISTRY. ByPROFESSOR LEHMANN. Vol. II.

12. ATLAS OF PLATES RELATING TO PHYSIOLOGICAL CHEMIS-
TRY. By DR. OTTO FUNKE.

(Supplement to LEHMANN'S PHYSIOLOGICAL CHEMISTRY.)

1853.

13. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. VIII.

(Organic Chemistry, Vol. II.)

14. ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. By
PROFESSOR BISCHOF. Vol. I.

1854.

15. THE LIFE AND SCIENTIFIC RESEARCHES OF DALTON.
By DR. W. C. HENRY, F.R.S.

16_PHYSIOLOGICAL CHEMISTRY. By PROFESSOR LEHMANN.
Vol. III.

17. LAURENT'S CHEMICAL METHOD. Translated by WM. ODLING,
M.B.



1855.

18. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. IX.

(Organic Chemistry, Vol. III.)
19. ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY. By

PEOFESSOR BISCHOF. Vol. II.

1856.

20.-HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. X.

(Organic Chemistry, Vol. IV.)
21. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. XII.

(Organic Chemistry, Vol. VI.)

1857.

22.- HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. XL
(Organic Chemistry, Vol. V.)

1858.

23. ELEMENTS OF CHEMICAL AND PHYSICAL GEOLOGY.
By PROFESSOR BISCHOF. Vol. III.

1859.

24. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. XIII.

(Organic Chemistry, Vol. VII.)

1860.

25. HAND-BOOK OF CHEMISTRY. By LEOPOLD GMELIN. Vol. XIV.

(Organic Chemistry, Vol. VIII.)

CHEMICAL REPORTS AND MEMOIRS. Edited by PROFESSOR
GRAHAM. This work is out of print.

GMELIN'S HAND-BOOK OF CHEMISTRY, Translated and
Edited by HENRY WATTS, B.A., F.C.S.

A few sets remain from Vol. I to Vol. XII, which are supplied for ,6 6s.

Separate copies of the Volumes from IV to XII may also be had at

105. 60?. each.

Vols. XIII.and XIV can only be obtained by subscribing for the years
for which they were issued.

LEHMANN'S PHYSIOLOGICAL CHEMISTRY. Translated and
Edited by DR. G. E. DAY, F.R.S.

The First Volume of this work is out of print. There still remain a
few copies of the Second and Third Volumes, and of Dr. Otto Funke's
Atlas of Physiological Plates, which, together, may be obtained for

1 Is.

BISCHOFS ELEMENTS OF CHEMICAL AND PHYSICAL
GEOLOGY.
The First and Second Volumes of this Work are supplied for a sub-

scription of 1 Is.

THE LIFE AND WORKS OF CAVENDISH. By Dr. GEO. WILSON.

THE LIFE AND SCIENTIFIC RESEARCHES OF DALTON.
By Dr. W. C. HENRY, F.R.S.

LAURENT'S CHEMICAL METHOD. Translated by Dr. ODLING.
These three Works are supplied for a subscription of 1 is.

*#* Applications for the works of the Cavendish Society, are to

be made to the Agent, Mr. Harrison, 59, Pall Mall, S. VV.; by whom
also the Subscriptions of Members are received.
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COMPOUNDS CONTAINING 24 AT. CARBON.

Primary Nucleus C24H8
.

Chrysene.

CMH8
.

C. F. VOGEL. A. Geld, 5, 272.

ROBIQTJET & COLIN. Ann. Chim. Phys. 4, 326.

LAURENT. Ann. Chim. Phys. 66, 136.

PELLETIER & WALTER. N. Ann. Chim. Phys. 9, 917 ; J. pr. Chem. 31,
114.

GR. WILLIAMS. Chem. Gaz. 1855, 405 ; J. pr. Chem. 67, 248 ; Lieb.

Kopp's Jahresler. 1855, 633.

VogeVs Volatile Amier -resin. Discovered by Vogel in 1805. A yellow, mealy
powder, which Kidd (Phil. Trans. 1821, 212 and 219) observed among the products of

the distillation of coal, is perhaps the same compound. (Mansfield, Chem. Soc. Qu. J.,

i. 248.) The substance observed by Drapiez in crude oil of amber (xiv. 325), and a

yellow product obtained by Bussy & Lecanu (J. Pharm. 11, 362) in the dry distillation

of fat, towards the end of the operation, appear also to consist of impure chrysene.

Formation and Preparation. 1. In the dry distillation of amber,
when, towards the end of the operation, the acid and all the oil have

passed over, and the charred residue is strongly heated, yellow
vapours pass over and condense in the neck of the retort. (Robiquet
& Colin; Pelletier & Walter.) 2. When the tar obtained in the

preparation of illuminating gas from oils and fats is subjected to dry
distillation, liquid products pass over at first ; afterwards, when of

the tar have distilled over, and the heat is veiy much increased, a
thick oil is obtained, the last portions of which, if collected in a sepa-
rate receiver, deposit a small quantity of chrysene, while pyrene
remains in solution. The remainder of the chrysene condenses in the

neck of the retort. (Laurent.) 3. In the distillation of coal-tar,

chrysene passes over at a much higher temperature than the dead oil.

(Williams.)

Purification. Vogel purified the sublimate obtained by method 1

from adhering oil, by dissolving it three times in alcohol, and leaving
the solution to cool. Robiquet & Colin boil it for some time with

VOL. XV. B
f



2 PRIMARY NUCLEUS C24H 8
.

water, till the oil is volatilized ; then melt it, and exhaust the lamino

granular solid mass with ether, which leaves the chrysene undissolved.
The waxy product is resolved by treatment with ether, and then by
repeated boiling with a small quantity of absolute alcohol, into yellow
chrysene, which partly remains undissolved, partly crystallises out
from the ether and alcohol and succisterene, which is of paler colour,
and ultimately turns white. (Pelletier & Walter.) The soft, red
sublimate in the neck of the retort is detached by scraping and rinsing
with a little ether, then triturated and repeatedly boiled with ether,
which acquires a red colour by taking up pyrene and the thick oil,

whilst chrysene remains in the form of a red powder. (Laurent.)
Williams frees the portion of the sublimate insoluble in ether, from

adhering brown oil, by prolonged treatment with ether, and purifies
it by re-crystallisation from boiling coal-tar oil.

Properties. Shining yellow laminae, resembling uranium-mica.

(Robiquet & Colin ; Williams.) Crystalline powder of a fine yellow
colour, without any tinge of red or green. (Laurent.) Soft to the
touch ; does not adhere to the tongue so strongly as wax. (Vogel.)

Melts between 80 and 100 (Vogel); between 230 and 235

(Laurent) ; at 240 (Pelletier & Walter) ; and solidifies to a deep
yellow laminar mass on cooling. (Laurent.) Volatilises completely
at high temperatures (Vogel) ; with partial decomposition, leaving a
small quantity of charcoal. (Robiquet & Colin, and others.)
Inodorous and tasteless.



PYRROL-RED.

14, 382.) ;
in boiling oil of turpentine, rather more freely than in

ether (Laurent) ; easily in oil of lavender ; scarcely in cold, easily in hot
oil of amber (Vogel) ; soluble in boiling coal-tar naphtha. (Williams.)

Nitro-nucleus

Binitrochrysene.

= C24X2H6
.

LAURENT. Ann. Chim. Phijs. 66, 140, and 72, 426.

1. Chrysene (p. 1) is boiled for a while with nitric acid, whereupon
a red powder separates ; the nitric acid is then decanted, and the red

powder is boiled with alcohol and dried. The alcohol and the nitric

acid retain in solution a yellow body precipitable by water. 2. When
chrysene is boiled for a very long time with a large excess of nitric

acid, part of it dissolves, and water then separates beautiful orange-
coloured flocks, which must be washed and dried.

The product obtained by method 1 is a red powder, like mercuric
oxide ; the second method yields an orange-coloured powder. (Lau-
rent.) Pure yellow, and shining ; highly electrical. (Williams, Chem.
Gaz. 1855, 405.)

Laurent.

24 C



4 PRIMARY NUCLEUS C24H'2
: AMIDOGEN-NUCLEUS C24Ad2H10

.

SCHWANERT. Halilitationschrift, uber Zersetzungen der Schleimsaure,

Greifswald, 1860: abstr. Ann. Pharm. 116, 279.

First observed by Runge; investigated by Anderson.

Formation. 1. Pyrrol is resolved by heat, or by several days'
contact with excess of acid, into pyrrol-red and ammonia. (Anderson.)

3C8NH5 + 2HO = C24N2H 14O2 + NH3
.

2. Carbopyrrolic acid, or carbopyrrolate of baryta, is resolved, by
heating to 60, or above, with acids, into carbonic acid and pyrrol,
which latter is then decomposed as in 1. (Schwanert.)

SCINCH + 2HO = C^N^O2 + NH3 + 6C02
.

Schwanert obtained from carbopyrrolate of baryta 22*05 p. c.

carbonic acid, 2-1 nitrogen, as ammonia (calculation, 22'3 CO2
,
2'5 N),

but only 22 '4 p. c. pyrrol-red (calc. 37*9 p. c.), perhaps because the

latter is not always obtained of constant composition.

Preparation. Pyrrol is dissolved, with brisk agitation, in oil of

vitriol diluted with 46 pts. water ; the liquid is heated with continued

agitation till red flocks separate, then filtered, and immediately washed
with boiling water, till nearly all the acid is removed; afterwards

with a small quantity of dilute potash-solution. (Anderson.)

Properties. Light orange-red powder, which turns brownish when
heated. Light or dark brown powder, destitute of taste and odour.

(Schwanert.)

Anderson.

Calculation, according to Anderson. mean ; in vacuo.

24 C .................... 144 ........ 71*28 ........ 71'98
2 N .................... 28 ........ 13-86 ........ 13'59

14 H ................... 14 ........ 6-93 ........ 6-88

2 .................... 16 ........ 7'93 ........ 7-55

C24N2H 14O2
............ 202 ........ 100-00 ........ 100-00

Schwanert found in pyrrol -red from carbopyrrolic acid, 59'24 C, 5'94 H, and62'4C,
4'7 H, and 11'39N, after drying at 110, perhaps because partial decomposition had

taken place. (See below).

Decompositions. After prolonged heating to 1 00
,
it increases in weight

from slow oxidation. 2. Yields, by dry distillation, a stinking oil con-

taining pyrrol, and leaves charcoal. 3. Heated in contact with the

air, it takes fire and burns away. 4. It is decomposed by prolonged
boiling with acids or alkalis* acids converting it into a dark red sub-

stance which contains 74 p. c. charcoal. (Anderson.) 5. By nitric acid

it is resinised, and afterwards converted into oxalic acid. (Anderson.)
Fuming nitric acid dissolves it. (Schwanert.)

Water neither dissolves nor acts on it. It does not dissolve in

aqueous acids or alkalis.

Sparingly soluble in cold, more soluble in hot alcohol ; sparingly in

ether. (Anderson, Schwanert.)



PYRROL.

Appendix to Vol. x., p. 16.

Pyrrol.

C8NIP = C 8NII3
,H

2
.

RUNGE. Fogg. 31, 67.

ANDERSON. Ann. Pharm. 80, 63 ; N. Phil. Mag. J. 2. 457 ; Edinb. Phil.

Trans. 20, 2, 247 ; J. pr. Chem. 54, 36 ; N. Ann. Chim. Phijs. 34.

332. Edinb. Phil. Trans. 21, 4, 571 ; Ann. Pharm. 105, 349 ; Chem.

Centr. 1858, 417 ; Kopp's Jahresber. 1857, 398.

SCHWANERT. Hobilitationschrift uber Zersetzungen der Schleimsdare.

Greifswald, 1860; abstr. Ann. Pharm. 116, 279.

Rothoi. Discovered by Runge in 1834, but first prepared pure and investigated by
Anderson.

Formation. 1. Carbopyrrolic acid is resolved by heat into pyrrol
and carbonic acid. (Schwanert.)

CioNH5O4 = c^NH5 + 2CO2
.

2. By the dry distillation of mucate of ammonia. (Schwanert.)

C12
H8(NH4)2Q

16 = C8NH5 + 4C0 2 + NH3 + 8HO.

3. In the dry distillation of coal and of various animal matters, passing
over, with many other bodies, into coal-tar oil, the wash-water of

the illuminating- gas, and bone-oil. (Runge, Anderson.) Feathers
distilled per se yield considerable quantities of pyrrol, tog-ether with
other bases ; flannel also yields it, together with sulphuretted hydrogen,
sulphide of carbon, and carbonate of ammonia. (Williams, Chem. Gaz.,

1858, 309; Ann. Pharm. 109, 127.) 4. By the dry distillation of many
organic bases. It is found among the products of distillation of quinine
and cinchonine (xiii. 244) and of pelosene, together with methylamine
and ethylamine. (Williams, Chem. Gaz. 1858, 321 ; Rep. Chim. pure. 1,

118.) Pyrrol is contained in the so-called oil of tobacco. (Runge.)

Preparation. 1. From Mucate of ammonia. When dry pulverised
mucate of ammonia is subjected to dry distillation, crystals of carbonate
of ammonia are obtained, together with an aqueous solution of carbo-

pyrrolamide (=bipyromucamide, x. 405,) and a brown oil floating thereon.
The latter is washed with water, dehydrated with lumps of potash,
distilled, and rectified after standing over chloride of calcium. The
greater the quantity of mucate of ammonia heated at once, the larger
is the proportion of pyrrol obtained. Carbopyrrolic acid does not yield

pure pyrrol so easily, because it sublimes at the same tune. (Schwanert.)

2. From Bone-oil. Large quantities of crude bone-oil are subjected
to fractional distillation ; the water which passes over with the first

portions is removed; the more volatile half of the oily distillate is

mixed with dilute sulphuric acid and set aside for several days; and
the strongly acid liquid separated from the undissolved oil is kept
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boiling in a still as long as a colourless stinking oil passes over, which

soon becomes reddish, and afterwards nearly black, on exposure to the

air. The oil, freed from water, is resolved by repeated fractional distil-

lation into several parts. The portion which distils over between 132 and

143 is repeatedly shaken up with a small quantity of very dilute sulphu-
ric acid, to remove admixed picoline ; the solutions are separated ; and the

remaining oil, amounting to about ^ of the original quantity, is dehydrated
with lumps of potash, and rectified, the last portion of the distillate being
each time removed, till (after about 15 distillations) nearly the whole

passes over between 134-5 and 138. The pyrrol thus obtained is

still contaminated with a small quantity of a substance producing formic

and propionic acids, from which it may be freed by boiling with hydrate
of potash. Anderson therefore mixes it with 5 or 6 parts of potash-

hydrate in coarse lumps, and heats it in a copper flask fitted with a long

upright condensing tube, till, as the temperature gradually rises, only
a small quantity of liquid evaporates, then replaces the vertical by a

condensing tube bent downwards, and distils off all that is volatile at

a red heat. On pouring water upon the fused yellowish white residue,

pyrrol separates in the form of an oil, which is obtained pure by recti-

fication. (Anderson.)

Properties. Transparent, colourless oil, of sp. gr. 1'077, and boiling

point 133. It has an agreeable ethereal odour, resembling that of

chloroform, and a pungent taste. (Anderson, Schwanert.) Pyrrol

prepared by method 2, and not treated with hydrate of potash, has an

unpleasant odour. (Anderson.) Vapour-density = 2*40 ; before treat-

ment with potash-hydrate, it is 2 '50. (Anderson.) The vapour of

pyrrol colours fir-wood, moistened with hydrochloric acid, deep purple-
red (Runge) ; pale red at first, then deep carmine-red. (Anderson.)
This test will indicate the presence of an extremely small quantity of

pyrrol. (Runge, compare Pogg. 32, 322.)

Anderson. Schwanert.
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precipitate : with sesquichloride of iron, it acquires a green and after-

wards a black colour ; and, when heated with sulphate of copper, forms
a green solution, and deposits a small quantity of black powder.
From bichloride of platinum, cold hydrochlorate of pyrrol throws down
first a yellow and after a few minutes a black platiriiferous precipitate.

(Anderson.)
Pyrrol is nearly insoluble in water. It dissolves slowly in aqueous

acids, but is insoluble in alkalis.

Chloride of Cadmium with Pyrrol. On mixing the alcoholic solutions

of pyrrol and chloride of cadmium, a white crystalline powder is formed,
insoluble in water, easily soluble in hydrochloric acid, and easily decom-

posed by heating with water and alcohol. (Anderson.)

16 C
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Preparation. 1 part of piperine is boiled with 3 pts. of potash-hydrate,
and 16 to 20 pts. absolute alcohol; the liquid which distils over being

continually poured back and the process continued for twelve hours, or

till a sample of the mixture taken out of the retort is no longer pre-

cipitated by water (Von Babo & Keller) ; or, better, equal weights
of piperine and potash-hydrate, with as much strong alcohol as is

required to dissolve both, are heated for 4 or 5 hours to 100 in a

closed vessel. (Foster.) The crystalline plates, which are thereby pro-
duced in abundance, are separated from the brown mother-liquor,

purified byrepeated crystallisation from a small quantity of boiling water,
with help of animal charcoal, then dissolved in water, and decomposed
by dilute hydrochloric acid ; and the acid, which separates as a jelly, is

collected, washed, and purified by repeated crystallisation from alcohol.

Another method is, to neutralise the aqueous solution of the impure

potash-salt with acetic acid, mix it with a small quantity of solution

of acetate of lead, separate the lead dissolved in the filtered liquid by
sulphuretted hydrogen, filter again, and evaporate to the crystallising

point (v. Babo & Keller).

Properties. Yellowish capillary needles ;
in the moist state, sulphur-

yellow jelly which shrinks on drying. Melts at 150, sublimes at about

200, partly unaltered, emitting an odour of coumarin, and leaving a

brown fused residue. Reaction scarcely acid. (v. Babo & Keller.)

Strecker.

at 100.
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is evolved, so that the continued addition of piperic acid causes it to

froth over if not constantly stirred. When the evolution of gas is no

longer perceptible, the mass contains protocatechuate, acetate, oxalate,
and carbonate of potash, with a relatively small quantity of a humus-
like body, probably a product of the decomposition of protocatechuic
acid. The reaction which takes place is probably :

C24H10 8 + 16HO = C14H6O8 + C4H4O4 + C4H2O8 + C3O4 + H 14
. (Strecker.)

Protocatechuic acid is apparently identical with the acid of the same composition
produced by the action of hydriodic acid on hemipinic acid (xiv. 431) 1J.

Combinations. Piperic acid is nearly insoluble in water, (v. Babo &
Keller.) It unites with salifiable bases, forming the piperates, which

according to Strecker, are composed of C24H9M08
,

but according
to v. Babo & Keller, are bimetallic salts, containing C fi H22M2 16

,
or

C fl H20M2 16
.

Piperate of Ammonia. Piperic acid is added to hot concentrated

ammonia, as long as it continues to dissolve ; the filtrate is left to cool,
and the resulting crystals are dried, first over a mixture of lime and sal-

ammoniac, then over oil of vitriol. Colourless scales, with satiny lustre,

resembling cholesterin. When exposed in the moist state to the air,

it gives off ammonia, and turns yellow. Between 100 and 150, it

gives off ammonia, without further alteration and without loss of

water; and between 180 and 200, it decomposes, emitting an odour
of anise, (v. Babo & Keller.)

at 50 in vacua. v. Babo & Keller.

24 C
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A concentrated solution of chloride of potassium, containing only 2 per cent, of chloride

of sodium, still yields a precipitate of this salt, when treated with piperate of potash,

(v.
Babo & Keller.)

Piperate of Baryta. Obtained as a loosely coherent, white pre-

cipitate, by treating the aqueous solution of the potash-salt with

chloride of barium. Microscopic needles, requiring about 5000 pts.

of water to dissolve them, and undergoing partial decomposition at

the same time (v. Babo & Keller) ;
more soluble in hot water. (Foster.)

24 C
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Piperate of Silver. Obtained as a colourless, scarcely crystalline

powder, by precipitating nitrate of silver with the aqueous potash-salt.
Insoluble in water and alcohol. (v. Babo & Keller.) Does not
diminish in weight at 100. (Strecker.)

v. Babo & Keller. Strecker.

at 100. mean. mean.

24 C
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Decompositions. 1. When heated somewhat above its melting point, it

gives off choking white fumes, which, when diluted with much air, smell

like oil of anise, and leaves a small, easily combustible, carbonaceous

residue. 2. Strong hydriodic acid decomposes it, below 100, into car-

bonic acid and a black humus-like body, which gives a black solution with

alkalis. 3. Fuming nitric acid colours it blood-red ; ordinary nitric acid,

diluted with its own bulk of water, acts violently upon it if gently

heated, giving a solution from which water precipitates a semi-fluid

nitro-acid. 4. Oil of vitriol colours it blood-red. 5. Fused with excess

of hydrated alkali, it evolves much gas, and the brown fused mass
exhibits the reactions of the acid CUH6 8

,
obtained by the action of

hydriodic acid on hemipinic acid (xiv. 431 ; see also Decompositions of piperic

add, xv. 8) 6. With chloride of acetyl at 150, it yields hydrochloric
acid and a neutral oil, insoluble in water and dilute alkalis.

Combinations. With water. Hydropiperic acid is very slightly
soluble in cold water, somewhat more so in hot water ; the hot satu-

rated solution reacts strongly acid ; on cooling, it deposits the acid in

oily drops, as long as its temperature is above the melting point of the

latter ; the rest separates in long, thin crystals (vid. sup.).
With salifiable bases, it forms hydropiperates, salts containing

C24HUM08
.

Hydropiperate of Ammonia crystallises from hot water in small

shining scales.

Foster.

C24H12 8 220 .... 92-83 .... 92'85 .... 93'01

NH3 17 .... 7'17 .... 6-55 .... 7'16

C24NHi5O8 237 .... 100-00 .... 99-40 .... 100'17

Easily soluble in hot water, considerably less soluble in cold.

A strong aqueous solution can dissolve more hydropiperic acid, form-

ing a solution from which water precipitates the excess of acid, and
which gives, if saturated, an almost solid mass of hydropiperate of

ammonia, on the addition of strong aqueous ammonia.

Hydropiperate of Potash with excess of acid. Obtained by boiling a
solution of hydropiperic acid in nearly absolute alcohol, with dry car-

bonate of potash. Crystallises on cooling in hemispherical masses of

radiating needles.

48 C
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Hydropiperate of Lime. Prepared by boiling
1 the acid with milk of

lime, filtering- hot, and separating the excess of lime by carbonic acid ;

or by precipitating a rather strong solution of the ammonia-salt with
chloride of calcium. Purified by crystallisation from a mixture of

2 parts water and 1 pt. alcohol. Small needle-shaped crystals. Slightly
soluble in cold water, more soluble in hot water, but partially decom-

posed by it. The crystals contain water, which they lose at 100.
The formula C^H^CaO8

requires 8'37 p. c. calcium ; Foster found 8'35

and 8-30 p. c.

Hydropiperate of Silver. Crystalline precipitate, almost insoluble in

cold water ; easily altered by exposure to light, or by solution in hot
water. The formula C^H^AgO8

requires 33'03 p. c. silver ; Foster
found 33-58 p. c.

The hydropiperates of the other heavy metallic oxides are mostly
precipitates insoluble in cold water.

Hydropiperic acid dissolves in all proportions in alcohol, and is very
soluble in ether.

Hydropiperate of Ethyl.

Formation and Preparation. By heating a solution of hydropiperic
acid in absolute alcohol saturated with hydrochloric acid for 4 or 5
hours to 130 in a sealed tube. Purified by solution in ether and treat-

ment with animal charcoal. Brownish yellow, neutral liquid;
heavier than, and insoluble in, water. Not altered by dilute aqueous
potash or ammonia. Decomposed by gaseous ammonia, probably with
formation of hydropiperamide. (Foster.) ^[.

Appendix to Vol. x., p. 446.

Piperidine.

C ioNIIn _ c'NH9
,IP.

WERTHEIM. Ann. Pharm. 70, 58.

ANDERSON. Ann. Pharm. 75, 82 ; Compt. rend. 31, 126 ; Ann. Pharm.
84, 345 ; Compt. rend. 34, 564 ; Lieb. Kopp's Jahresber. 1852, 545.

CAHOURS. Compt. rend. 34, 481 ; Instit. 1852, 98 ; J. pr. Chem. 56, 203 ;

Ann. Pharm. 84, 342; Chem. Gaz. 1852, 167. In full: N. Ann.
Chim. Phys. 38, 76 ; abstr. Lieb. Kopp's Jahresber. 1852, 546.

VON BABO & KELLER. J. pr. Chem. 72, 53 ; abstr. Chem. Centr. 1858,
241 ; Chem. Gaz. 1858, 7 ; Kopp's Jahresber. 1857, 413.

The production of a volatile base by heating piperine with soda-
lime was first noticed by Wertheim and Rochleder, who at first mistook
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it for anline (Ann. Pharm. 54, 255) ; afterwards for picoline (ibid. 70,

58). Anderson and Cahours obtained the same base independently of

each other, and recognised its separate identity : its chemical relations

were investigated chiefly by Cahours.

The greater part of the results obtained by Anderson and Cahours

have already been detailed (x. 446). We here give the remainder,

together with those of Wertheim and of v. Babo & Keller.

According to Wertheim's latest statements (Gerh. Traite, 4, 98), the

volatile base obtained by heating piperine with potash-lime is

C 12NH13
,
inasmuch as he found in its platinum-salt, 23-1123-86 C,

4.71-4.54 H and 32-49 Ft (calc. C 12NH13
,HCl,PtCP=:23-56 C, 4-58 H,

and 32-41 Pt.)

Formation and Preparation. Piperine is decomposed, as directed at

page 8, by boiling with alcoholic potash, into piperidine and piperate
of potash, and the mother-liquor separated from the crystals of that

salt is distilled into a receiver containing hydrochloric acid, whereby
hydrochlorate of piperidine is obtained, (v. Babo & Keller.)

Piperidine forms with chlorine or bromine, an oily product, not pos-

sessing basic properties. (For the other reactions, see x, 447.)

Chloro-aurate of Piperidine. Hydrochlorate of piperidine forms, with

terchloride of gold, small needles of a fine yellow colour. (Cahours.)

Piperidine with Protochloride of Platinum. Protochloride of platinum
acts violently on piperidine, forming the compound C 10NHll

,PtCl.

The solution of this salt in a large quantity of boiling water, deposits,
on evaporation, the piperidine-compound corresponding to Magnus's
green ammonio-protochloride of platinum. (Williams, Chem. Gaz.

1858, 346; J. pr Chem. 76, 251.)

Chloroplatinate of Piperidine. (C
10NHll

,HCl,PtCl
2
, according to

Cahours (x, 449) ;
C 12NH13

, HC1, PtCl2
, according to Wertheim (p. 14).

This last formula is very doubtful.

Piperate of Piperidine. Obtained by dissolving piperic acid in

aqueous piperidine, as a crystalline pulp, and on dilution, in colourless

laminee, having a silky lustre. In contact with the air or with oil of

vitriol, it turns yellow from loss of piperidine. Melts at 100 without
further alteration, and when strongly heated, gives off piperidine and

decomposes. When heated for some time to 150, it becomes partially
insoluble in water, but if then dissolved in an alkali, yields unaltered

piperic acid when decomposed by acids. With pentachloride of phos-

phorus, it behaves like piperic acid. Contains 26*75 per cent, piperi-
dine. (v. Babo & Keller.) Calc. 28-05 per cent.

Dried over oil of vitriol. v. Babo & Keller.

34 C 204 .... 67-32 66'11
N 14 .... 4-62

21 H 21 .... 6-93 7-29

8 O.... 64 .... 21-13

C24H io 8
)C

ioNHu 303 .... 100-00

It had lost a portion of its piperidine. (v. Babo & Keller.)

Piperidine coagulates white of egg after a quarter of an hour.

(Wertheim.)
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Conjugated Compounds of Piperidine.

Piperidine with Sulphide of Carbon C*NtHS'1

Piptryl-sulfocarbonate de piperidine. (Gerhardt, Traite4, 105.) Sulfocarbonyl-

Pipiperyl-Sulfbiaminsaure. (Weltzien Syst. 23.)

This compound, discovered by Cahours (x. 448), is obtained by
carefully dropping sulphide of carbon into piperidine, and crystallising
the product from alcohol. It forms slender needles belonging to the

oblique prismatic system. (Fig. 100.) Rhombic prism u, having the

oblique terminal face z, resting on its obtuse lateral edge. The obtuse

edges formed by i and u are truncated by the octahedral faces a ;

u : u in front = 116 4 ; on the side = 63 56 ;
t : u above a = 96 52' ;

a : u = 141 6'; a : i = 135 46, calculated. (De Senarmont, N.Ann.
Chim. Phys. 34, 89.)

Gerhardt assigned to it the formula

N H C10H9 (C2S2>1 "
1

C 10H 12N |

S2 = PiPeryb sulphocarbonate of piperylammonium.

Piperidine-urea.

1120* = C 10CyAdH8
,H

2
0*.

CAHOURS. N. Ann. Chim. Phys. 38, 84.

Piperyl-urea, Uree pip&ridique.

Formation. 1. From cyanic acid vapour and piperidine. 2. From
dissolved sulphate of piperidine and cyanate of potash. 3. From
moist chloride of cyanogen and piperidine.

Preparation. A mixture of the solutions of sulphate of piperidine
and cyanate of potash, in equivalent proportions, is boiled down to

dryness, and the residue is exhausted with strong alcohol. The alcoholic

solution left to evaporate freely, yields crystals of the compound urea.

Properties. Long white needles.

12 C
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Methyl-piperidine-urea.

CuN2Hi402 = C 10

(C
2H3

)CyAdH
7,H

2 2
. .

CAHOURS. N. Ann. Chim. Phys. 38, 85.

Methyl-piperyl-urea. Methylur&e pip&ridique.

Piperidine becomes intensely hot when vapour of cyanate of methyl
is passed into it, and solidifies on cooling. The mass is purified by
pressure and recrystallisation from boiling alcohol.

Long needles having a strong lustre.

14 C



BENZOPIPERIDE.

Amyl-piperidine.

C20NH21 = C 10

(C
10IIn)NH

8
,H

2
.

CAHOURS. N. Ann. Chim. Phys. 38, 95.

Mylepiperidine.

Piperidine is heated with iodide of amyl in the water-bath for

several days ; the resulting crystalline mass is Dissolved in a small

quantity of water, and distilled with lumps of caustic potash. The
oily distillate is dried with fused hydrate of potash, and rectified.

Colourless oil, boiling at 186, and smelling like ammonia and
fusel-oil. Vapour-density = 5'477.

20 C
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By treating piperidiiie with chloride of benzoyl, a heavy oil is

obtained which, when treated with acidulated water, yields hydro-
chlorate of piperidiiie, while benzoyl-piperide remains undissolved, and

quickly solidifies; it is purified by recrystallisation from alcohol.

Beautiful colourless prisms.

24 C
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CAHOURS. Compt. rend. 34, 481 ; J. pr. Chem. 56, 203 ; Ann. Pharm.
84,342; Chem. Gaz. 1852, 167. In detail : N.Ann. Chim. Phys.
38, 76.

STENHOUSE. Ann. Pharm. 95, 106.

v. BABO & E. KELLER. Dissert, von E. Keller, Freiburg, 1856, 16;
J. pr. Chem. 72, 53 ; abstr. Chem. Centr. 1858, 541 ; Chem. Gaz.

1858, 7 ; Kopp's Jahresber. 1857, 413.

A. STRECKER. Ann. Pharm. 105, 317; J. pr. Chem. 74, 191; Kojip's
Jahresber. 1857, 415.

Discovered by Oersted in 1819.

Source. In black and long pepper. In black pepper from Western
Africa, Cubeba Clusu, which does not contain any cubebiri. (Sten-

house.)

Preparation. 1. Coarsely pulverised pepper is exhausted with cold

water; the residual powder repeatedly digested with alcohol of 80

per cent. ; the alcohol distilled off from the tinctures ; the residue eva-

porated to an extract, and this extract, after standing for several

days, washed with cold water. The undissolved residue is then dis-

solved in alcohol ; a quantity of hydrate of lime is added, equal to y
1

^ of

the pepper used
;

arid the liquid, filtered after a day's digestion, is

left to crystallise. The resulting crystals, if impure, may be purified

by trituration, washing with ether, and recrystallisatiou from al-

cohol, with lielp of animal charcoal. (Wittstein.) Vogel (Br. Arch. 26,

294) first recommended the washing of the pepper with water ; Pfeil (Mag. Pharm.
13, 56) and Hoff (Repert. 25, 400) the use of hydrate of lime. Henkenius (Mag.
Pharm. 13, 59) proceeds in a similar mariner. The pipeline thus obtained amounts to

2'4 p. c. of the pepper.
2. White pepper is exhausted with alcohol of sp. gr. 0*833 ; the

tincture is distilled to an extract ;
and this extract is mixed with potash-

ley, which dissolves the resin and leaves a green powder. The latter

is washed with water, dissolved in alcohol of sp. gr. 0'833 and crys-
tallised. By repeated crystallisation the pipeline is obtained colour-

less. (Pontet, J. Chim. Med. 1, 531 ; Berzel. Lehrb. 3 Aufl. 7, 577.)
This method is preferred by Pelletier and Berzelius. See also Buchner

(Repert. 22, 270); Carpenter, Sill. Am. J. 13, 334; Meli (Brugn. Giorn.

17, 76). Stollhouse dissolves the extract of cubebs, prepared with

wood-spirit, in alcohol, and mixes it with strong potash-ley, whereupon
a brown oil separates, which yields crystals on standing. The mother-

liquor, if again mixed with alcohol, yields another portion of oil, which
likewise deposits crystals on standing. These crystals are purified by
pressure and recrystallisation.

3. Wirickler distils the alcohol from the alcoholic tincture of long
pepper ; dissolves the residue in the required quantity of hot alcohol ;

precipitates the solution with basic acetate of lead ; mixes the filtrate

while warm with as much sulphuric acid as is necessary to precipitate
the lead ; filters while warm ; distils the alcohol from the filtrate ; ex-
hausts the residue with water ; and dissolves the undissolved portion
in hot alcohol, whereupon piperine crystallises on cooling. (Mag.
Pharm. 18, 153.)

Impure piperine may be purified by washing with absolute alcohol,
or better with weak potash-ley. (Henry & Plisson.)

C 2
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Properties. Colourless, vitreous, flattened, four-sided, obliquely
truncated prisms. (Pelletier.) Rhombic prisms, with lateral angles
of 95 and 85. (Gmelin.) Oblique rhombic prisms, with angles of

92 45' and 87 15'. The terminal face is obliquely set on the obtuse
lateral edge, with angles of 106

J
30' and 73 30'. (Wackenroder.) Rhom-

boidal prisms, with angles of 85 40' and 94 20'. (Regnault.) Kopp
(Einleitung in die Krystallographie, s. 312,) describes rhombic prisms of

84 30', the acutely set terminal face making an angle of 75 50' with
the prism. Rhombic prism, having its base set obliquely upon the
obtuse lateral edge ; the acute lateral edges often truncated. Fig. 85,
without a and /; u : u 84 42 ; i:u (behind)= 75 30' 32". (Dauber,
Ann. Pharm. 74, 204.) Crystals belonging to the oblique prismatic
system. Fig. 87 without a. Rhombic prism, u : u (in front)= 95 22' ;

on the edge truncated by t, therefore, u : u= 84 38' ;
u : h : = 120 42' ;

u behind, 75 45', in front 104 15'. i:h = 135 3' ;
h : h 121 13'. It

is only in very small crystals that the angles of the rhombic prisms
can be measured. In larger crystals the faces are curved, and the

edges imperfectly developed. The octahedral faces h were developed
only in one of the crystals examined. Haidinger states, however,
that truncations of the combination-edge i : u above and in front by
the other half of the octahedron (Fig. 100, a) likewise occur. The
crystals have an imperfectly vitreous, sometimes fatty, lustre. Colour
of the crystals examined, greenish yellow, or lemon-yellow. Trans-

parent to semi-transparent ; trichromatic. With the dichroscopic lens,
the following tints are observed : Perpendicular to t : nearly colourless,

brightest tint ; colour of the axis b which unites the faces t : yellow,
comparatively light ; that of the axis a, (parallel to i) : yellow, compa-
tively dark. (Schabus, Bestimmung d. Krystallgest. p. 177.)

Piperine melts at about 100 (Pelletier); at 110 or above (Wack-
enroder) to a pale yellow limpid oil, w^hich solidifies on cooling to a pale

yellow, transparent, strongly refracting resin (Gmelin, Wackenroder).
Sp. gr. of fused pipeline 1-1931 at 18. (Wackenroder.) Nearly taste-

less by itself (Vogel), but has a sharp peppery taste when dissolved
in alcohol. Impure piperine has a sharp taste, even by itself. It has
no alkaline reaction. (Pelletier.) Its solution does not deflect the

plane of polarisation of light. (Bouchardat, N. Ann. Chim. Phys. 9, 227.)

34 C
N .
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corroborated by Laurent (Ann. Chim. Phys. 19, 363), and finally settled by Strecker's

invest 'gallon. Older formula : C40NH 24O8
(Pelletier) ;

C^NH^O8
(Liebig, Ann.

Pharm. 6, 36); C7N 2 Ii
: O 12

(Gerhnrdt) ; C'N 2H 39O12
(Wertheim); C7N2H 40O 12

(v. Babo & Keller). Compare also O. He-iry & Plisson (J. Pharm. 17, \ 19).

Decompositions. 1. Pipeline blackens by dry distillation, and yields
a brown empyreumatic oil, from which carbonate of ammonia crystal-
lises. (Gmelin.) 2. Heated in a platinum spoon, it melts like wax,
takes fire at a stronger heat, and leaves an easily combustible charcoal.

(Merck.) 3. Pipcrine suspended in acidulated water and exposed to

the action of the electric current, is violently attacked, as also by
hot concentrated nitric acid. (Hlasiwetz & Rochleder, Wien. Akad.
Ber. 5, 447.) 4, It is coloured blood-red by oil of vitriol, loses this

colour on addition of water, and, if the action of the oil of vitriol has
not been continued for a very long time, does not appear to be sensibly
altered. (Pelletier.) Oil of vitriol dissolves part of the piperine with the same
colour, and water precipitates it in flocks. (Dulong, /. Pharm. 11, 52.) The solu-

tion becomes black on standing. (Wackenroder.) See also Duflos (Schw. 61,220.)
This solution in oil of vitriol, on being mixed with bichromate of potash, gives off

gases, and assumes a brownish green colour, finally changing to dirty green ; peroxide
of lead colours it dirty brown-red, and ultimately black (Riegel N. Br. Arch. 58,

293). Compare also Eboli (N. Br. Arch. 85, 186.) 5. Brom ine converts pipe-
rine into a peculiar, non-crystalline product. (Gerhardt.) 6. Iodine acts

upon it only when the two are fused together, forming a dark black-

brown mass, which hardens on cooling. (Wackenroder.) 7. Nitric

acid colours piperine greenish yellow, orange, and then red
; dissolves

it with a yellow colour, the solution yielding dirty yellow flakes when
mixed with water, and, on further action, produces oxalic acid, together
with a yellow artificial bitter. (Pelletier, Oersted, Wackenroder.)
Strong nitric acid forms an orange-red resin, which partly dissolves

with deepening colour when heated. The solution no longer yields

piperine when treated with water or alkalis. (Duflos.) The brown
resin which is produced from piperine by nitric acid, with violent

action, evolution of nitrous acid, and the odour of bitter almond-oil,
assumes a splendid blood-red colour when treated with hydrate of

potash, and when boiled therewith, yields a distillate of piperidine.

(Anderson.) Von Babo & Keller, by treating piperine with nitrous

acid, and subsequently distilling it with potash-ley, obtained volatile

needles which had the odour of cumarin, melted in boiling water,
dissolved in alcohol and ether, and, after fusion with hydrate of

potash, gave the reaction of salicylic acid with sesquichloride of iron.

8. By boiling with alcoholic potash, piperine is converted into

piperidine and piperate of potash, (v. Babo & Keller). C31NH 19 8

-hKO,HO=C24KIl9 8 + C10NHn
. (Strecker, Ann. Pharm. 105,317.)

When heated with potash-lime it yields a volatile base (Wertheim, see

page 13; also x. 446) piperidine. (Cahours.) The distillate contains

water, two volatile bases, the piperidine constituting the chief portion,
and traces of a neutral bodyhaving an aromatic odour like that of benzoin.

(Cahours.) If the mixture is heated in the oil-bath, not above 160, no
ammonia is produced, and there remains a brown mass, which hardens
on cooling. If this be pulverised, washed successively with cold water
and alcohol to removehydrate of potash and undecomposed piperine, then

repeatedly digested with hot dilute hydrochloric acid, and the result-

ing resinous cake dissolved in alcohol, water separates from the solu-

tion, yellow flocks, which, after dying in vacuo, contain on the average
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78-36 p. c. C., 6-96 H., 4-08 N., and 15-10 0., which Wertheim repre-
sents by the formula C 128N3H67 20

. When piperine is heated with soda-

lime to a temperature above 200, a larger quantity of piperidine is

obtained, together with ammonia, and the residue if supersaturated
with hydrochloric acid, deposits yellow flocks containing 71'41 p. c. C.,

5-65 H., and 22-94 0., according to Wertheim = CS8H27 U
. Piperine

heated with hydrate ofpotash, melts, gives off a sharp odour of pepper,
and yields a milky aqueous distillate. When more strongly heated,
it gives off hydrogen gas with intumescence, arid finally ammonia.

(Gerhardt.) 9. Heated with bichromate ofpotash and dilute sulphuric

acid, it gives off a large quantity of carbonic acid, and yields a slightly
acid aqueous distillate which reduces nitrate of silver. The residue smells

like bitter almonds, and when evaporated to dryness and exhausted,
first with alcohol, then with water, leaves a greenish amorphous
extract. (Gerhardt.) 10. Permanganate of potash added to a solution

of piperine mixed with sulphuric acid, colours it green after a few
hours. (Duflos.)

Combinations. Piperine is insoluble or very sparingly soluble in cold

water, slightly in hot water, whence it is deposited on cooling. (Pel-

letier, Oersted.)
It is not perceptibly soluble in aqueous mineral acids ; neither does

it combine with them. (Pelletier, Dulong, Regnault.)
Piperine combines with iodine, forming shining, bluish black needles,

soluble in alcohol, and containing C^N 2!!3^12
!
3
. (see Weltzien, Syst.

Zusammenst. 562.)

With Hydrochloric acid. Fuming hydrochloric acid colours piperine

deep yellow, itself acquiring the same colour by contact with it. (Pel-

letier, Dulong.) The solution of piperine in alcoholic hydrochloric acid

leaves, when evaporated in vacuo, a residue free from hydrochloric
acid. (Regnault.) When dry hydrochloric acid is passed over air-

dried piperine, ultimately heated to fusion, the mass acquires a lemon-

yellow colour, changing to light brown, and takes up 13'05 to 13*74 p. c.

HC1, without separation of water. (C
34NH19 6

,
HC1 = 12-63 p. c. HC1.)

The transparent mass solidifies in the crystalline form on cooling, is

decomposed by water into piperine and aqueous hydrochloric acid, and
dissolves in alcohol. (Varrentrapp & Will.)

From solution in perchloric acid, piperine crystallises out unaltered

by spontaneous evaporation. (J. Bodecker, Ann. Pharm. 71, 63.)

Piperine does not dissolve in aqueous ammonia or in the fixed alkalis.

(Merck.)
Phosphomolybdic acid colours piperine brown-yellow, and precipi-

tates it in flocks. (Sonnenschein, Ann. Pharm. 104, 45.) Piperine like-

wise forms a yellow precipitate with a very dilute solution of phosphan-
timonic acid (the acid mixture obtained by dropping pentachloride of

antimonyinto aqueous phosphoric acid.) (Schultze, Ann. Pharm. 109, 179.)

Piperine with Chloride of Cadmium. Straw-yellow needles containing
C68^21136( } i2 5

2HCl
)
9CdCl + 6HO. (Galletly, N. Edinb. Phil. J. 4, 94;

Chem. Centr. 1856, 606.)
With a very dilute solution of potassio-mercuric iodide, piperine

forms a yellowish white, permanently amorphous precipitate. (Delffs
N. Jahrb. Pharm. 2, 31.)

Chloromercurate of Piperine is obtained by mixing a solution of 1 pt.
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piperine in strong alcohol acidulated with hydrochloric acid, with an
alcoholic solution of 2 pts. mercuric chloride, collecting the crystals
after three days, and washing them with alcohol. Yellow, shining,

transparent crystals which become darker by exposure to the air, or
at the heat of the water-bath. They belong to the doubly oblique
prismatic system. The crystals consist of three hexaid faces y, z

9
u

(Jig. ),
the edge between y and u, to the right above, being truncated

by a dodecaid face g ; the edge between u and z, to the left in front,
truncated by three dodecaid faces v, v1

,
v2 (in the figure v and v2 would

come between v and z) ; the edge between z and u truncated by a
dodecaid face w

; the edge between z and y, to the front above, trun-

cated by a decaid face t \ the edge between y and
2-,

to the front

below, truncated by a dodecaid face t'
; and the summit between u, v,

y, to the right above, truncated by an octaid face o. z : u = 102 51 ;

z : w = 144 35 ; w : u = 138 16' (by calculation) = 138 18' (by obser-

vation); y : w = 119 9' ;
z : v = 133 31' ;

u (left) : v = 123 37';

y : v = 106 51' ; w : vover z = 98 6' ; z : v = 169 58' (calculated)= 170 8' (observed); u (left)
. v i _ 87 1(y (caicuiated) = 87 4'

(observed); y : v 1 = 120 4'; v : v1 = 143 33' ;
z : vz = 178 28';

u (left) ;
v* = 101 20' ; yi u over g = 102 24'

; g : y 147 35' ;

g : u = 134 49'
; g : z 120 18' (calculated) = 120 20' (ob-

served); y:c = 121 46'; t
1 :z = III 52'; t

1
: u = 91 22'; t

1
: y =

126 21'; t:y = 123 51'; o : z (behind) = 98 17' (calculated)
98 15' (observed) ;

oiu= 130 19' ; oiy 125 59'
;

o : v behind
= 125 75'; o : w = 141 25'; o : t

1 141 3'. The faces v1 and v*

occur but rarely. The crystals are short prisms in the direction of

z and u. They are plane and smooth faced, u only being sometimes
curved. Lustre vitreous, somewhat fatty and adamantine. Transpa-
rent to semi-transparent. Slightly trichromatic. Powder lemon-yellow.
(Schabus, Bestimmung, p. 198.)

Insoluble in water, sparingly soluble in strong hydrochloric acid and
in cold alcohol, more easily in hot alcohol. (Hinterberger, Wien. Akad.
Ber. 6, 114

; Ann. Pharm. 77, 204 ; J. pr. Chem. 53, 246).

68 C
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faction (Wertheim.) Dissolves very sparingly in water, being- resolved

at the same time into hydrochloric acid and piperine [and bichloride of

platinum]. (Yarrentrapp & Will ; Wertheim.) Dissolves in cold alcohol,

and very abundantly in hot alcohol, so that on cooling, a large quantity
of a fiery orange-yellow powder is precipitated. (Wertheim.)

Wertheim.

68 C
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Properties of the Potash-salt. Blue-back, crystalline, shining
powder, appearing under a magnifying power of 200, to consist of

broad, thin prisms, black-blue by transmitted light. The air-dried

salt gives off in vacuo f of its crystallisation-water, and the rest

at 100 without further alteration, the total quantity being on
the average 16*84 p. c. (calc.4 at. HO = 17-53 p. c.)

at 120. Wohler & Merklein.

24 C
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.

Properties. Amorphous loam-coloured powder ; when prepared by 2,

it consists of microscopic spherules. Tasteless.
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rubbed to a gold-yellow powder. Inodorous. Tastes bitter. Has a
faint acid reaction.

24 C
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.

Oxygen-nucleus C24II8 8
.

Luteolin.

CHEVREUL. (1830). J. Chim. Med. 6, 157; Berz. Jahresber. 11, 280.

MOLDENHAUER. Ann. Pharm. 100, 180
; Dingl. polyt J. 144, 71 ; J. pr.

Chem. 70, 478.

SCHUTZENBERGER & PARAF. Compt. rend. 52, 92 ; Zeitschr. Ch. Pharm. 4,

134.

Discovered by Chevreul. Different from Liesching's luteolin, a preparation from

weld, which is used in dyeing. (Comp. Chem. Centr. 1856, 159.)

Occurrence. In dyer's weld. (Reseda luteola.)

Preparation. Weld is exhausted with hot alcohol of 80 per cent. :

the tinctures are concentrated by distilling off the alcohol, and by
further evaporation ;

and the impure luteolin which separates after

standing for a day is collected. For purification, either the luteolin is

dissolved in boiling concentrated vinegar, the solution evaporated, and
the luteolin extracted from the residue by ether (containing water) ;

or

the separated impure luteolin is dried, washed several times with a small

quantity of ether, which chiefly takes up resin, and dissolved in a larger

quantity of ether. The whole of the luteolin thus prepared may be
obtained pure and crystallised, by pouring the solution into 20 times
its volume of water, then boiling, filtering, and cooling the filtrate.

(Moldenhauer.) The alcoholic extract of weld may likewise be dissolved

in alcohol, the alcohol distilled off, and the luteolin precipitated from
the hot-filtered residue by neutral acetate of lead. The precipitate is

decomposed under water by sulphuretted hydrogen, the sulphide of

lead collected and dried, the adhering luteolin extracted therefrom by
ether containing water, and then re-crystallised from alcohol. It may
also be re-crystallised from dilute sulphuric acid, acetic acid of 15 to 20

per cent., or water with 2 per cent, alcohol. (Moldenhauer). 2. Weld
is exhausted with alcohol ; the alcoholic solution precipitated with

water, and the precipitate heated with water to 250 in a closed steel

cylinder. After cooling, the sides of the cylinder are found to be
coated with crystals, which must be separated from the cake of resin

at the bottom, arid purified by two crystallisations from over-heated
water. (Schiitzenberger & Paraf.)

By precipitating the aqueous decoction of weld with basic acetate of lead (or agitating
it with hydrated oxide of lead), decomposing the washed precipitate with sulphuretted
hydrogen, and evaporating the nitrate in vacuo, Preisser (l-ev. sclent. 16, 56; J. pr.
Chem.} obtained his luteolin in white spangles, slightly acid, sn<\ of sweetish bitter

taste. This product sublimes in golden yellow needles, and, by exposure to the air or by
boiling with chromic acid, is converted into broad gold-yellow spangles, Preisser's luteo-

lein. It dissolves in water, is coloured bright yellow and afterwards precipitated by
flmmonia or the fixed alkalis, likewise by lime-, strontia-, or baryta -water. From a
solution of neutral acetate of lead, it throws down a white precipitate, which becomes
gold-yellow on exposure to the air, and from ferrous sulphate, a pale greenish-yellow
precipitate, which turns brown when exposed to the air. It dissolves in alcohol and ether.

(Since, however, Preisser's other statements respecting colouring matters have been
often refuted, it is probable that these also are not deserving of much confidence. Kr.).
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Compare, on this subject, Arppe, Ann. Pharm. 55, 101
; Srhlieper, Ann. Pharm. 58,

369; Schiel, Ann. Pharm. 60, 76; Bolley, Ann. Pharm. 62, 150; Weyermann &
Haffely, Ann. Pharm. 74, 226; Eisner, J. pr. Chem. 35, 377; Bolley & Wydler, /.

pr. Chem. 43, 507; Wagner, J. pr. Chem. 51, 82).

Properties. Small four-sided needles, of pure yellow colour, and

silky lustre. It sometimes separates from ether in the amorphous
state (Moldenhauer.) Inodorous, but tastes slightly bitter and harsh.
Melts above 320, with partial decomposition. Slightly acid. (Mol-
denhauer.) Air-dried luteolin contains 10*23 p. c. water (3 at. =
10-42 p. c.),

after drying over oil of vitriol 7'02 p. c. (2 at. = 7-2 p. c.)

which goes off at 150. (SchUtzenberger & Paraf.)

Calculation according to :

1. 2. 3.

SchUtzenberger & Paraf. Moldenhauer. Hlasiwetz.

24 C 144... 62-07 40 C 240.... 62'32 58 C 348.... 62'14
8H 8.... 3-45 14 H 14.... 3'66 20 H 20.... 3'57

10 O 80 .... 34-48 16 O 128 .... 33'52 24 192 .... 34'29

C24H8O 10
.... 232 .... 100-00 C^H^O 16

.... 382 .... 100^00 C58H-O-4
.... 560 .... lOO'OO

c
H
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Luteolin with Potash. Prepared from luteolin and carbonate of

potash, similarly to alizarin-soda (xiv, 139), and contains 29'3 p. c.

potash, (Molderihauer.) (C
24H8O10

,
2 KO= 28-92 p. c. KO [Kr.]) With aqueous

alkalis, luteolin forms gold-yellow solutions, which undergo slow alteration on exposure
to the air. (Chevreul.)

Luteolin with Baryta. Produced by mixing a hot aqueous solution

of luteolin with caustic baryta, then with one-third of its volume of

alcohol (Moldenhaner.)

Luteolin with Oxide of Lead A hot aqueous solution of luteolin

forms, with alcoholic acetate of lead, a beautiful yellow precipitate,

containing 46*12 p. c. PbO. (Moldenhauer.) Alcoholic acetate of lead

precipitates alcoholic luteolin. (Schiitzenberger & Paraf.)

Schiitzenberger & Paraf.

24 C 144 .... 31-44 30-97
8 H 8 .... 1-75 1-98

10 80 .... 17-90 17-72

2 PbO 224 .... 48-91 49'33

C24H8O 10,2PbO 456 .... lOO'OO 100*00

Aqueous luteolin does not affect ferrous salts, but colours a very
dilute solution of ferric chloride green at first but afterwards red-

brown, the latter colour being produced immediately in more concen-

trated solutions. (Moldenhauer, Bolley.)
A compound of luteolin with cupric oxide, is formed by precipitating

the hot aqueous solution with sulphate of copper ; it has a dark colour,

and contains 20' 16 p. c., CuO. (Moldenhauer.)
Luteolin dissolves in 37 pts. of alcohol and 6*25 pts. ether. It dis-

solves with peculiar facility in strong warm acetic acid, and separates
almost completely on cooling. It does not precipitate a solution of

gelatin. Its warm aqueous solution imparts a fine jonquil-yellow c jlour,
after some time to silk and wool mordanted with alum, and olive-

green to the same fabrics mordanted with iron. (Chevreul.)

Oxychlorme-nudeus C24ClHn 4
.

Chlorofilipelosic Acid.

LUCK. Jahrb. pr. Pharm. 22, 144.

When dry chlorine gas is passed over filipelosic acid in a bulb-tube,
the acid melts, with rise of temperature and evolution of hydrochloric
acid gas, to a transparent light-brown mass, which, after washing with

water, dissolves in ether-alcohol with dark brown-yellow colour, and
remains behind when the alcohol is left to evaporate.

Amorphous, transparent, light-brown mass, which may be rubbed
to a brown powder, has a faint fruity odour, a slightly bitter taste, and

strong acid reaction.
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24 C
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which precipitate the solutions of metallic salts, like chlorofilipelosate
of soda.

Lead-salt. Obtained like the lead-salt of the monochlorinated acid.

In vacua. Luck.

24 C
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flakes on cooling. On subsequently distilling the liquid, alcohol and
volatile oil pass over, while resin and a turbid watery liquid remain.
This liquid contains tannic acid, sugar and pinipicrin, and serves for

the preparation of pinipicrin (see below). The resin is dissolved in

boiling alcohol of 40; the still dissolved wax is precipitated by
alcoholic acetate of lead ; the filtrate treated with sulphuretted hy-
drogen, which precipitates chlorophyll and sulphide of lead; these
substances are removed ; and the alcohol is separated from the filtrate

by distillation. The remaining liquid deposits a semi-fluid resin, which
is to be dissolved in dilute potash-ley, mixed with chloride of calcium,
to remove the alpha-thuja resin, filtered from the precipitate, and
treated with hydrochloric acid, which precipitates yellowish-white
flocks, consisting of a mixture of kinovous acid and beta-thuja resin,
to be dissolved, after washing, in lime-water. Carbonic acid passed
into this solution throws down a mixture of kinovous acid and carbo-

nate of lime, from which the former may be extracted by ether, and
obtained in the solid state by evaporating the ether over the water-
bath. The beta-thuja resin remains dissolved after the carbonic acid

has been passed through the liquid, as just mentioned, and may be

precipitated from the filtrate by hydrochloric acid.

Properties. White or slightly yellow brittle mass, converted by tri-

turation into a strongly electric powder.
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which dissolves (and may be obtained from the solution by precipi-

tating with basic acetate of lead, decomposing- the precipitate with

sulphuretted hydrogen, and evaporating the nitrate out of contact with
the air), and a dark-coloured glutinous residue, which dissolves in

strong alcohol. On treating the solution with sulphuretted hydrogen,
filtering from the sulphide of lead, and evaporating the filtrate, pinicorre-
tin remains behind, and may be purified by dissolving it in alcohol,

removing the undissolved portion, and evaporating.
The solution containing cortepinitannic acid and sugar is freed from the former by

precipitation with subacetate of lead, which throws down cortepinitannate of lead, then

filtered, freed from lead by sulphuretted hydrogen, and evaporated over the water-bath;

sugar then remains and may be purified from a small quantity of pinipicrin by treatment
with anhydrous ether-alcohol.

Properties. , Black-brown, glutinous mass, almost wholly soluble

in ammonia. The ammoniacal solution mixed with chloride of barium

yields red-brown flocks of pinicorretin-baryta, which may be dried in

vacuo.

Pinicorretin-baryta. Kawalier.

72 C 432 ... 47'20 47'45
57 H 57 .... 6-23 6'45

15 120 .... 1312 13-18
4 BaO 306 .... 33'45 39'92

915 .... 100-00 107-00

:3C24H 19 5
, therefore isomeric with kinovous acid. (Kawalier.)

2. Kawalier's Resinfrom Pinus sylvestris. (Kawalier, Wien. Akad.
Ber. 11, 347.) In the needles of Pinus sylvestris (see page 33).
The compound of resin and lime precipitated by chloride of calcium in

the preparation of kinovous acid, dissolves almost completely in ether.

The ethereal solution is separated from the residue by filtration, and

evaporated ; the residue is treated with alcohol of 40, which dissolves

the whole, excepting the lime and a small portion of the resin
;
the

solution is again evaporated ; and the residue is exhausted with water

containing hydrochloric acid, whereupon chloride of calcium passes
into solution, while a brownish yellow resin a remains behind, which,
after washing and drying at 100, has the consistence of castor oil,

and after cooling is brown and of the consistence of salve. If the
resin a be mixed with a sufficient quantity of hydrate of lime, to make
it appear pulverulent, then distilled, and the distillate collected in two

portions, two oils are obtained, which, after rectification with water,

drying over chloride of calcium and rectifying per se, constitute the oils

b and c. These oils twice distilled over anhydrous phosphoric acid,

yield the hydrocarbon d.
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Resin a is perhaps a mixture of C40II32 5 and J C^H^O
4

; the oik b

and c, mixtures of oxygenated and non-oxygenated oil, the former of

which is decomposed by distillation over phosphoric anhydride.

(Kawalier.)
If resin a in the fused state be dropped upon soda-lime heated to

220, a thick colourless oil passes over, which, after dehydration over
chloride of calcium, has the composition of oil e. The residue dissolves

partially when suspended in water ; and if the filtrate be precipitated

by hydrochloric acid, the precipitate dissolved in potash-ley, the solution

treated with animal charcoal, and again precipitated with hydrochloric
acid, resin f is precipitated as an ash-grey powder, which softens at

100, and dissolves in alcohol and in alkaline liquids. The undissolved

portion decomposed by dilute hydrochloric acid, deposits a resin nearly
insoluble in potash, sparingly soluble in alcohol, easily in ether ; and
the ethereal solution treated with animal charcoal, filtered and

evaporated, yields resin g, which is light-yellow, brittle, and softens
at 100.

Oil e.
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Colourless, four-sided, tasteless prisms which melt at 145 and

distil without decomposition at 290.

24 C
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2. It is partially decomposed by distillation, leaving a brown-red

residue, which solidifies to a bronze-coloured mass having a metallic

lustre. The distillate contains a little oxythymoil. 3. Thymoil mixed with

aqueous potash rapidly absorbs oxygen from the air, and is converted
into thymoilate of potash. 1 at. thymoil takes 6 at. oxygen.

2C24H 16O4 + 12O = C^H^O^SHO + HO.

4. By hydrogen in the nascent state, by sulphurous acid, ferrous sulphate,
or stannous chloride, thymoil is converted, first into thymeid, then into

thymoilol. A similar action may likewise be exerted by the aqueous formic acid pro-
duced in the preparation of thymoil. 5. Chlorine, with aid of heat, slowly

decomposes thymoil, forming chlorinated products. 6. Thymoil absorbs

ammonia gas, and is converted into thymoilamide.
Thymoil dissolves in warm oil of vitriol and in warm concentrated

nitric acid, and is precipitated in its original state by water. It dis-

solves sparingly in alcohol, very easily in ether.

Oxythymoil.

(J24JJ16Q6
_ C^

LALLEMAND. N. Ann. Chim. Phys. 49, 167 (see page 36).

1. Thymoil enclosed in a sealed tube, is exposed for some days to

the sun's rays, and the resulting black mass is washed with alcohol,
which dissolves thymoilol and thymeid, and leaves a small quantity of

oxythymoil undissolved. 2. In the dry distillation of thymoil, a
small quantity of oxythymoil is formed, and may be obtained in the

separate state by dissolving out the other products with alcohol.

Properties. Crystalline powder of a fine lemon-yellow colour,

melting at 190.

24 C
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of potash, wliich may be obtained pure by saturating the liquid with

carbonic acid, evaporating, and exhausting the residue with absolute

alcohol. Hydrochloric acid added to the solution of thymoilate of

potash throws down thymo'ilic acid in dirty yellow flocks, very slightly
soluble in water.

The thymo'ilates are soluble in water, excepting the lead and silver

salts. The former contains 43*02 p. c. oxide of lead, and is therefore

C48H28 16
,
3PbO (calc. 43-07 PbO). (LaUemand.)

Conjugated Compound.

Thymeid.

LALLEMAND. N. Ann. Chim. Phys. 49, 165.

Formation and Preparation. 1. By bringing thyrnoi'l in contact with

thyrnoilol. If the two bodies, dissolved in boiling alcohol or ether, be
mixed in equal quantities, the mixture instantly assumes a blood-red

colour, and yields crystals of thymei'd by cooling or evaporation.
2. Thymeid is the first product formed by the action of reducing agents
on thymoil. It is produced for example by sulphurous acid, when
crystals of thymoil are thrown into it, and more slowly by ferrous

sulphate and stannous chloride. 3. Thymeid is also the first product
of the action of oxydising agents on thymoilol (p. 57).

Properties. Crystals of a fine violet colour, exhibiting by reflected

light a bronze-coloured metallic reflection, like the wings of beetles.

Oxyamidogen-nucleus

Thymoilamide.

LALLEMAND. N. Ann. Chim. Phys. 49, 166.

Thyrnoi'l in the fused state slowly absorbs ammonia-gas, and is

converted into a dark red amorphous mass, which is hard and brittle

at common temperatures, but softens at 100, and may then be drawn
into threads. It is soluble in alcohol.

Primary Nucleus C 24!!20
; Oxygen-nucleus

Globularetin.

G. F. WALZ. N. Jahrb. Pharm. 13, 281.

Produced, together with paraglobularetin and sugar, when globu-
lariri is boiled with acids.



NAPHTHOL. 39

The resin obtained by boiling globularin with dilute sulphuric acid

is washed with water and dissolved in alcohol ; the alcoholic solution

is diluted and the residue treated with ether, which dissolves the glo-

bularetin, leaving paraglobularetin undissolved.

White powder, melting at the heat of the hand.
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Oxygen-nucleus

Wormseed OIL

This oil belongs to the 24-carbon group, and should therefore have

been treated in this place, instead of in vol. xiv. p. 316. Vapour-

density 6-4 (C
24H80 2 = 6-24). Sp.gr. of the oil at 13=0'9201.

(Kraut.)

Onocerin.

Ca4H20 2
.

HLASIWETZ. Wien. Akad. Ber. 15, 162.

Occurrence. In the root of Ononis spinosa.

Preparation. The root is boiled with alcohol ; the dark brown
tincture freed from alcohol by distillation ; the residue evaporated to a

syrup, and the crystals which separate after some days are collected,
and purified by pressing, washing with cold alcohol, and recrystal-
lisation from boiling alcohol, with help of animal charcoal.

Properties. Small, hard, very light, capillary crystals, having a fine

satiny lustre. Tasteles and inodorous. Becomes strongly electric by
friction. Melts when heated, and solidifies in the crystalline form.

Neutral.

Hlasiwetz.

at 100.

20 H
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Oxygen-nucleus C24IIU 8
.

Parsley-camphor.

0*3*0*.

DEHNE (1778). Crell Chem. J. 1, 40.

BOLLE. Br. Arch. 29, 168.

BLEY. N. Tr. 14, 2, 134; N. Br. Arch. 63, 267.

BLANCHET & SELL. Ann. Pharm. 6, 301 ; abstr. N. Br. Arch. 24, 208 ;

Repert. 70, 163.

RUMP. Repert. 56, 21.

LOWIG & WEIDEMANN. Poyy. 46, 55 ; abstr. N. Br. Arch. 24, 208 ;

Repert. 70, 163.

LOOSE. N. Br. Arch. 63, 287.

Stearoptene of Lil of Parsley, Petersilien-campher.

Occurrence. In the herb and seed of parsley (Apium Petroselinum.

/>.), together with volatile oil. May be extracted from the seed by
alcohol. (Rump.)

Preparation. The seed (Pabitzky, Braunschiv. Am. 1754, 1205),
or the fresh herb (Dehrie), is distilled with water, arid the crystals
which separate from the distillate are collected (Bley, Martins, Repert.

39, 246), pressed between blotting- paper (Bolle, Rump), and recrystal-
lised from alcohol (Blanchet & Sell). The heavier oil which passes over

towards the end solidifies after half a year's standing. (Dehne.) The camphor is

chiefly contained in the oil which distils over with the water; but the oil which goes
over in the early part of the distillation, likewise solidifies partially. (Rump.) "When
oil of parsley is fractionally distilled till the residue solidifies, that residue does not

contain any parsley-camphor, but consists merely of resin. (Lowig & Weidmann.)
The watery distillate of parsley -seed deposits, in addition to the camphor, a yellow

powder, formed from the camphor by oxidation. ^Loose.)

Parsley seed yields 12'5 per cent. (?) of parsley-camphor (Pabitsky) ; 0*21 per
cent. (Rump).

Properties. White, slender, six-sided needles. (Blanchet & Sell.)
Prisms 2 6 inches long, with their terminal faces truncated (Bley), and

having a silky lustre. (Rump.) Heavier than water. (Bolle.) Melting
point 30. (Blanchet & Sell ; Rurnp.) Boils, with decomposition at

about 300. (Blanchet & Sell.) Not sublimable (Blanchet & Sell) ;

partially (Bley). Solidifies at 21 (Blanchet & Sell) ; at 18, however, if it

has been previously heated to the boiling point (Blanchet & Sell) ;
at 6'3, forming

a white, pearly mass. (Loose.) Makes spots on paper, which are difficult

to remove. (Loose.) Has a faint odour of parsley, and a burning
camphorous taste, with irritating after-taste. Neutral.
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Decompositions. 1. When heated, it melts, turns brown, gives off irri-

tating vapours, and volatilises, depositing on the glass tube drops of

liquid, which solidify in the crystalline form. (Bley, vid. sup.)

2. When set on fire, it bums with a slightly smoky, feebly luminous

flame. (Loose.) 3. Detonates sharply with bromine. 4. Triturated

with iodine and then warmed, it yields a brown viscid mass soluble in

alcohol. (Bolle.) 5. With strong nitric acid, it becomes heated, gives
off nitrous acid and forms a yellowish solution (Bolle), containing oxalic

acid (Rump) ; not containing oxalic acid. (Martius.) The solution mixed

with water deposits a yellow resinous powder. (Bolle.) The solution of the camphor
in fuming nitric acid, the formation of which is attended with effervescence, is not pre-

cipitated by water or aqeous ammonia. (Bley.) 6. Parsley-Camphor is not

altered by cold oil of vitriol, but hot oil of vitriol colours it dark red, and
at higher temperatures brown. (Bley.)

Combinations. With Oxygen ? Parsley-camphor appears to be

converted, by absorption of oxygen, into a yellow body, which is

deposited, together with the camphor itself, in old parsley-water.

(Loose.) This yellow body is pulverulent, and nearly tasteless, but

leaves a slightly bitter after-taste. When heated, it melts, gives off

choking vapours, loses its yellow colour, which, however, may
be restored by rubbing, breathing upon, or moistening the solidified

mass ;
at a stronger heat, it sublimes, and, when set on fire, burns

with flame, leaving a residue of charcoal. Strong nitric acid colours

it yellow and then dissolves it, with evolution of nitrous acid ; fuming
nitric acid chars it. It dissolves in acetic acid, also in cold alcohol,

and more freely in warm alcohol, but less so than parsley-camphor ;

the solution is rendered turbid by water. The yellow substance dis-

solves in ether. (Loose.)

Parsley-camphor dissolves slightly in cold water (Bolle, Rump);
more easily in hot water, slightly in hydrochloric acid, aqueous potash and

ammonia. (Bley.) It is not soluble in aqueous potash. (Bolle, Loose).

It dissolves readily in absolute alcohol, less in alcohol of sp. gr.

0*87. (Bolle.) This solution yields a crystalline precipitate with

water (Bley), and a yellow powder by spontaneous evaporation.
It dissolves in ether, and in oils, both fixed and volatile. (Boller

Loose.)

OxycUorine-nudeus C24CPH18 2
.

Chloronocerin.

C24CPH18 2
.

HLASIWETZ. Wien. AJcad. Ber. 15, 163.

Chlorine gas is passed over onocerin heated by the water-bath, and
the mass, which becomes somewhat brown, fusible and amorphous, is

pulverised, and again exposed to the action of the chlorine, which is-

ultimately supported by heating the resin in a salt-bath, as long as

hydrochloric acid continues to form. The resulting resinous mass is.
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purified by repeated solution in ether, till it is left by the evaporation
of the ether in the form of a white powder.

Chloronocerin melts on platinum, and burns with an odour of resin
and hydrochloric acid. In warm nitric acid, it melts and oxidises.
It is turned brownish by oil of vitriol, and afterwards riot further altered

by peroxide of manganese. It is insoluble in water, ammonia, potash-ley or

alcohol; very easily in ether.

24 C
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GORGEY. Ann. Pharm. 66, 303 ; Pkarm Ccntr. 1849, 8 ; N. Ann. Chim.

Phys. 25, 102.

HEINTZ. Pogg. 92, 429 & 583; Berl. Akad. Ber. 1854, 207: Ann.
Pharm. 92, 291 ; J. pr. Chem. 62, 349 & 482; 63, 162; N. Phil.

Mag. J. 9, 74 ; N. J. Pharm. 26, 313. Pogg. 93, 519 ; Berl. Akad.
Ber. 1854, 562; J. pr. Chem. 63, 364 ; Lieb. Kopp. Jahresber. 1854,
456 & 460. Collection of HEINTZ'S Researches on the Fats :

J. pr. Chem. 66, 1.

A. C. OUDEMAXS, JUN. J. pr. Chem. 81, 356 & 357.

Laurostearic acid (Marsson). Pichurimtalgs'dure (Sthamer). Pekurimsdure.

Sources. In the fat of the bay-tree (Marsson) ;
in the fat of pichu-

rim beans (Sthamer) ; also in the volatile oil of these beans. (Al. Miil-

ler, J. pr. Chem. 58, 469.) In small quantity, together with many other

acids, in spermaceti (Heintz), in croton oil (Schlippe, Ann. Pharm. 105,

14), in the fruit of Cylicodaphne sebifera. (Gorkom, Tydschrift f. Neerl.

Indie. 81,410.) In the fruit of Mangifera Gabonensis, the so-called

Dika bread, together with myristic acid, but unaccompanied by any
other acids. (Oudemaris.) In the Age or Axin of the Mexicans, a

salve-like fat obtained from Coccus Axin. (Hcppe, J. pr. Chem. 80, 102.)

In COCOa-nut oil. (Gorgey, OudemailS.) This oil contains, according to

Brandes (N. Br. Arch. 65, lln), a solid fatty acid, melting between 25 and 27 =
cocinic acid, or, according to Pelouze & Boudet, elaidic acid. Bromeis (Ann. Pharm.
35, 277) designated the acid melting at 35, obtained by repeatedly crystallising the

fatly acids of cocoa-nut oil, as cocostearic acid, and assigned to it the formula C27H2'O4
,

which Heintz (who thought that he had previously [Pogy. 87, 21, and 267] found this

acid in spermaceti), by calculating from the new atomic weight of carbon, altered to

C26H26O4
. The latter acid Heintz designates as cocinic acid. St. Evre's cocinic acid

(A'. Ann. Chim. Phys. 20, 91), likewise from cocoa-nut oil, is prepared as follows :

The oil is saponified ;
the acids separated, pressed, crystallised from alcohol, dissolved in

soda-ley, and precipitated with acetate of lead ; the precipitate exhausted with ether ;

and the residue decomposed by tartaric acid. According to St. Evre, it is composed of

C^H^O4
,
and melts at 34'7. But according to the investigations of Gorgey and Oude-

manns, which agree with each other, cocoa-nut oil does not contain any acid po sessing
the properties assigned by Brandes, Bromeis, or St. Evre to cocinic acid; the oil appears
rather to contain small quantities of palmitic and myristic acids, together with large

quantities of lauric, capric, caprylic, and caproic acids, the last two having been pre-

viously found in it by Fehling. Respecting the former results, see Oudemans (/. pr.
Chem. 81, 367.)

Formation. By heating ethal with potash-lime to 275 280,

(Heintz, Scharlillg.) According to Heintz, it is produced only from mixed (crude)

ethal, inasmuch as this substance contains lethal (p. 43).

KO,HO = C24H23K04 + H4
(Hemtz);

but, according to Scharling, it is obtained from the ethal itself C32H 34O2
, which, accord-

ing to him, is decomposed by heating with potash-lime, in such a manner as to yield

stearic, palmitic, myristic, lauric and butyric acids. (Scharling, Ann. Pharm. 96, 236 ;

Heintz, Ann. Pharm. 97, 271 )

Preparation. 1. From Bay-fat. Laurostearin from 01. laurin

unguinos. Is saponified with potash-ley, the soap is separated by
common salt, and its hot aqueous solution is decomposed with tartaric

acid. The lauric acid then rises to the surface in the form of an oil

which solidifies on cooling, and is freed from adhering tartaric acid by
repeated fusion with water. (Marsson.)
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2. From Pichurim beans. Laurostearin from Fabce pichurim maj. is

saponified with potash-ley till a clear soap-jelly is formed ; common
salt is added, and the white, brittle soda-soap thus produced is

dissolved in boiling water, arid supersaturated at the boiling heat
with hydrochloric acid ; lauric acid then rises to the surface as
a colourless oil, which on cooling solidifies to a white ctystalline mass.
It is freed from hydrochloric acid by repeated washing with water
and purified by repeated crystallisation from weak alcohol. (Sthamer.)

3. From Cocoa-nut oil. The oil is saponified with weak potash-ley ;

the soap decomposed by dilute sulphuric acid, and the mixture
distilled as long as fatty acids pass over, the water being repeatedly
poured l?ack. The distillate neutralised with potash solidifies on

evaporation to a gelatinous soap, which is separated by common salt,

repeatedly dissolved in potash, and again separated with salt, to free it

from the fatty acids which can be thus removed, and again decomposed
with dilute sulphuric acid. It is then neutralised with ammonia

; the
solution precipitated by chloride of barium; the liquid strained off; and
the baryta-salts which remain repeatedly boiled with water. The
resulting solutions, as they run from the funnel, immediately deposit
loose flocks of laurate of baryta, and the liquid, as it cools down,
becomes turbid and deposits pulverulent caprate of baryta. (Gbrgey ;

comp. also Prep, 5.)

4. From Spermaceti. The saponification of this substance yields, besides

ethal, considerable quantities of stearic, palmitic^ and myristic acids, and smaller

quantities of lauric acid The solution of 10 Ibs. of purified spermaceti in

30 Ibs. alcohol is boiled for some time with 4^ Ibs. caustic potash
previously dissolved in alcohol ; the solution precipitated with aqueous
chloride of barium, and strained while hot ; the still warm residue

pressed as strongly as possible in a warmed press ; then well moist-
ened with alcohol and again pressed ; the alcohol distilled off from the
solutions ; the residue freed from the whole of the soluble matter by
repeated treatment with ether; and the portion insoluble in ether
added to the baryta-salts previously obtained. In this manner are

obtained, on the one hand, crude ethal, on the other, the baryta-salts
of the fatty acids of spermaceti.

The baryta-salts suspended in water are boiled with very dilute

hydrochloric acid, till the supernatant oily layer appears perfectly
clear; the fatty acids thus obtained are dissolved in alcohol; the so-

lution is left to cool ;
and the crystals which separate are pressed, first

alone, then several times after being moistened with alcohol, whereby
a mixture of palmitic and stearic acids is obtained, while a portion of

these two acids and the whole of the myristic and lauric acids

remain in solution.

The whole of the mixed alcoholic solutions are heated ; a concen-
trated aqueous solution of acetate of magnesia is added, so as to

precipitate about -^ of the quantity of fatty acids present ; the pre-

cipitate which forms on cooling is separated by filtration
; acetate of

magnesia is added to the filtrate in about the same quantity as before ;

and the same treatment is repeated (the liberated acetic acid being
neutralised towards the end with ammonia), till acetate of magnesia
no longer forms any precipitate, even in presence of excess of ammonia.
In this manner a number of magnesia-salts (19) are obtained, from
which stearic, palmitic and myristic acids may be separated, by pro-
cesses to be hereafter described in connection witli those neids.
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.

The alcoholic solution, from which everything precipitable by
acetate of magnesia in presence of excess of ammonia has been thus

removed, still retains lauric acid together with myristic and oleic acids.

It is precipitated with acetate of lead ; the precipitate is washed with
dilute alcohol, dried, and freed from a small quantity of oleate of lead, by
treatment with ether ; and the undissolved portion is decomposed by
prolonged and repeated boiling with very dilute hydrochloric acid,

whereby a mixture of acids melting at 39 '7 is separated. By repeatedly

crystallising this mixture from alcohol, as long as the separated acid

exhibits a rise of melting point, lauric acid is ultimately obtained,

melting at 43 '6, and not capable of further decomposition by partial

precipitation with acetate of baryta, while myristic acid remains in

solution. (Ileintz.)
5. From spermaceti or other fats containing lauric acid, provided they are free

from oleic acid, or this acid has been removed by the process to be described below.

The fat is saponified with (alcoholic) potash ; the fatty acids are sepa-
rated from the ethal or the glycerin, as above described, and dissolved

in 10 pts. of hot alcohol ; the solution is left to cool slowly in a cellar;

and the fatty acids which crystallise out are separated by filtration

and pressure. The mother-liquor is diluted witlt an equal quantity of

boiling alcohol and supersaturated with ammonia ; acetate of magnesia
is added in excess to remove a certain portion of the fatty acids ; the

alcohol distilled off from the filtrate; the remaining salts decomposed
by boiling with dilute hydrochloric acid; the separated acids re-

dissolved in a quantity of hot alcohol sufficient to retain them in

solution after cooling; and a concentrated solution of acetate of

baryta, equal to about -^ of the weight of the fatty acids, is repeatedly
added, as long as a precipitate is thereby formed on cooling. The
precipitates last obtained, which contain chiefly lauric acid, are sepa-

rately decomposed by boiling dilute hydrochloric acid, and each portion
of acid thereby liberated, whose melting point lies above 43'6, is se-

parately and repeatedly crystallised from diluted alcohol till its melting
point has risen to 43*6

b
. (Ileintz.)

If the fat contains oleic acid, it is saponified, the fatty acid is sepa-
rated and mixed with a small quantity of hot alcohol, and the solid

portions are removed by submitting the cooled mass to pressure.
The mother-liquor (together with the alcohol used for washing the

separated acids) is precipitated with ammonia and neutral acetate of

lead ; the washed and dried lead-salts are completely freed from
oleate of lead by means of ether ; the undissolved portion is decom-

posed by boiling hydrochloric acid ; and the separated fatty acids are

treated as above. (Heintz.) In this manner pure lauric acid is

easily obtained from cocoa-nut oil (which, according to Oudemans, does
not contain oleic acid). If the acids dissolved in alcohol be precipitated
in small portions with acetate of baryta, the first portions contain

palmitic and myristic acids, and from the remaining liquid, lauric

acid may be obtained by repeated fractional precipitation or by crys-
tallisation in the cold. (Oudemans.)

Properties. Lauric acid solidifies after fusion to a scaly crystalline

mass, exhibiting a laminated texture on the fractured surface.

(Heintz.) Brittle. (Sthamer.) Crystallises from alcohol (only from
weak alcohol according to Sthamer, from strong alcohol not till

cooled to : Gcirgey, Heintz) ; in white, silky needles, united in tufts
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(Sthamer) ;
in prickly glandular masses of the size of hazel-nuts

(Gorgey) ;
in nearly translucent scales (Heintz). It melts to a colour-

less oil at 43-6 (Heintz), 42-43 (Marsson, Gorgey), 43 (Sthamer),
45 (Miiller), 43'8 (Schlippe), 43'5 (Oudcmans). The alcoholic

solution has a slight acid reaction. Sp. gr. 0'883 at 20. (Gorgey.)
When boiled with water, it volatilises with the vapour. (Gorgey,
Oudemans.)

Marsson. Sthamer.
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24 C . .
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Hordeic Acid.

CMH2t 4 = C 24!!24
,*)

4
.

Fr. BECKMANN. J. pr. Chem. 6G, 52 ; abstr. N. Ann. Chini. Phys.

46, 226.

When dried barley is heated with oil of vitriol and water, as in

Emmet's method of preparing formic acid (vii. 273), hordeic acid

passes over together with aqueous formic acid and furfural, and sepa-
rates from the distillate in white laminae. These are collected,

washed, repeatedly crystallised from alcohol, and freed from water by
fusion in an air-bath.

Properties. White crystalline laminae, melting at 60 to a colourless

oil, which solidifies at 55. Permanent in the air. Makes grease

spots on paper. Acid.

24 C
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Separates partially when hydrochloric acid gas is passed into

alcoholic lauric acid, completely on subsequent addition of water, in

the form of an oil, which is washed with water containing soda, then

with pure water, dried over chloride of calcium, and rectified.

Transparent, colourless oil, which becomes viscid in the cold, and
solidifies to a compact mass at 10. Sp. gr. O86 at 20. (Gorgey.)
0-8671 at 19. (Delffs.) Boils at 269, when the barometer stands at

0*75 met. (Delffs), at 264, with partial decomposition (Gorgey).
Has an agreeable fruity odour, and a sweetish mawkish taste. Vapour
density = 8'4. (Gorgey.)

28 C
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from the mass of fat melted by the sun's heat ; these are separated by
filtration, dissolved in alcohol and obtained of a pure white by
evaporation or by precipitation with water. (Bollej'.)

3. From Pichurim-beans. Fabce pichurim major, are exhausted with
cold alcohol (which extracts volatile oil, pichurim-camphor, resin, a but-

tery fat and a .brown colouring matter) ; and the exhausted beans are

boiled with alcohol of 81 p. c. and pressed between hot plates. The
expressed liquid, as it cools, deposits pale yellow laurostearin, only a
small quantity of that substance remaining dissolved in the alcohol.

It is purified by washing with cold alcohol, pressure, and recrystallisa-
tion from ether-alcohol. (Sthamer.)

Properties. Snow-white, loosely coherent mass, consisting of needles

arranged in stellate groups. (Marsson.) It crystallises from hot
alcohol in stellate or arborescent groups of needles ;

from the ethereal

solution by spontaneous evaporation in needles grouped in tufts.

(Sthamer.) Melts between 44 and 45, and on cooling solidifies in a

non-crystalline brittle, friable mass, resembling stearin. (Marsson.)
Melts between 45 and 46, and solidifies at 23. The solidification

begins with the formation of small white scaly bodies with concave surfaces which
afterwards run together. The whole then forms a white mass resembling stearin, and

having its surface indented with small depressions of uneven surface. These hollows

when examined with a lens, are seen to contain needle-shaped crystals, arranged con-

centrically and radiating from the lowest point. The mass is brittle, odourless

and friable. (Sthamer.)

Marsson. Sthamer.

54 C . .. ,
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portions, laurostearone passes over in colourless drops which solidify in

the neck of the retort. As soon as brown drops appear, the distil-

lation is interrupted, and the resulting
1 mass is crystallised from

anhydrous alcohol, with addition of animal charcoal.

Dazzling* white scales, melting at 66, and then solidifying- in a

crystalline mass. Becomes strongly electric by friction.

Overbeck.
46 C 276 .... 81-65 .... 81 '42 .... 81 '04

46 H 46 .... 13-61 .... 13'82 .... 14-10

20 16 .... 4-74 .... 4-76 .... 4'S6

C4GH46O2 338 .. 100-00 , .. 100-00 , .. lOO'OO

Appendix to Laurie Acid.

Bay-berry Camphor.

BONASTRE (1824). J. Pharm. 10, 32 ; abstr. Eepert. 17, 190, Br.

Arch. 13. 195.

DELFFS. J. pr. Chem. 58, 434 ; Ann. Pharm. 88, 354.

Laurin, Lorleercampher. Discovered by Bonastre in bay-berries. The nearly
inodorous pichurim-camphor, scarcely soluble in alcohol, which, according to Bonastre

(J. Pharm. 11, 3), crystallises from the volatile oil of pichurim-beans, is, according to

Gerhardt (Traite, 4, 309), perhaps bay-tree camphor. Marsson (Ann. Pharm. 41,329),
by following Bonastre's directions, did not obtain any bay-tree camphor. Delffs, on the

other hand, obtained it both from fresh and from old bay-berries.

Preparation. Shelled and pulverised bay-berries are boiled two or

three times with alcohol of 85 90 per cent, ; the solution is filtered at

the boiling heat ; the crystals of laurostearin, which separate from the

filtrate after two or three hours, are removed by a second filtration, and
the filtrate is left to evaporate in the air. The crystals which separate
therein, together with oil-drops, are taken out from time to time,

pressed between paper, to remove the gradually thickening oil, and

crystallised from alcohol. (Delffs.) Bonastre exhausts bay-berries
with absolute alcohol

; concentrates the extracts strongly till they
separate into an oily and an alcoholic layer, and purifies the crystals
which separate from both, by washing and recrystallisation from
alcohol.

Properties. Dazzling white right rhombic prisms, with a dome

resting on the acute edges, and dull or rough faces. (Delffs.) Needle-

shaped rhombic octahedrons, having the angles of the base equal to

60 and 120. (Bonastre.) Translucent, grates between the teeth,
melts when heated (Bonastre). Tasteless and inodorous (Delffs) ;

tastes bitter and sharp (Bonastre). Neutral

44 C
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Decompositions. 1. Volatilises almost completely with resinous
odour when heated, completely when thrown on red-hot r<>:ils.

Resolved by dry distillation into water, a yellow empyrcumatic oil

soluble in alcohol, gases, and a small residue of spongy charcoal.

2. Not decomposed by nitric acid. 3. Oil of vitriol colours it orange-
yellow. (Bonastre.)

Insoluble in icater. It imparts to boiling water a bitter taste

(Bonastre) ; no taste (Delffs). The alcoholic solution of bay-berry
camphor does not precipitate neutral acetate of lead, or nitrate of silver.

(Delffs.)
The camphor dissolves sparingly in cold alcohol, easily in boiling

alcohol and in ether. (Bonastre.)

Primary Nucleus C24IP6
; Oxygen-nucleus^ CMJI I8 8

.

Sapogeuin.

_ C21II18 8
,0

3
?

FREMY. (1835.) Ann. Chim. Phys. 58, 102; Ann. Pharm. 15, 187;
J. pr. Chem. 3, 393 ; abstr. J. Pharm. 20, 243.

QDEVENNE. J. Pharm. 23, 272.

ROCHLEDER & ScuwARZ. Wien. Acad. Ber. 11, 338.
A. OVERBECK. N. Br. Arch. 77, 134.

BOLLEY. Ann. Pharm. 90, 211, and 91, 117.

Fremy, in 1335, obtained his esculic acid by the decomposition of saponin from
horse-chestnuts and from Saponaria. Quevenne regarded iheAcide polygalique mod/Jfe
obtained by the decomposition cf senegin from Polygala, as allied to Fremy's acid,

without, however, demonstrating the identity of the two. Both these bodies, together
with Overbeck's Saporetin, are regarded as identical by Bolley, who unites them under
the name Sapogenin. Rochleder & Schwarz regard sapogenin from Saponaria as iden-

tical with quinovin ;
but this view is rendered improbable by the more recent investiga-

tions of Hlasiwetz (Ann. Pharm. Ill, 182). We, here, with Bolley, regard the sapo-

genin resulting from decomposition as identical with the bodies obtained by Fremy and
Quevenne ; but we dissent from Bolley's view in regarding saponin as different from

senegin, Acide polygalique. The product which Fremy obtained by the second mode of

preparation (p. 54) is perhaps different from sapogenin, and this may account for the

difference between his statements and those of other?. This view is supported by
v. Payr's statement respecting the behaviour of saponin to hydrate of potash. (Kr.)

Formation. By treating saponin from horse-chestnuts or from

Sctponarin (Fremy), or senegin from Polygala (Quevenne), with dilute

mineral acids. Grape-sugar is produced at the same time. (Rochleder
& Schwarz ; Overbeck.) Sapogenin is also produced from the saponin
of horse-chestnuts by the action of potash- ley or of the electric current ;

but not from the saponin of Saponaria. (Fremy.)

Preparation. 1. An aqueous solution of saponin from horse-chest-

nuts is left in contact with cold hydrochloric acid for a long time, or

with the boiling acid for a shorter time, and the precipitated sapogenin is

washed with water. (Fremy.) Quevenne dissolves the sapogenin
thus obtained in boiling alcohol of 40, and evaporates the solution or

precipitates it with water. Rochleder & Schwarz decompose saponin
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by boiling with aqueous hydrochloric or sulphuric acid, dissolve the

flocks in boiling acetic acid and mix the nitrate with cold water.

Overbeck purifies the product by repeatedly digesting the alcoholic

solution with animal charcoal, and leaves the filtrate to evaporate.

Saponin may likewise be obtained from the decoction of Senega with

previous preparation of senegin. (Bolley.)
2. Saponin from horse-chestnuts is treated with warm potash,

whereupon sapogenin and a yellow colouring matter adhering to the

saponin unite with the potash. By treating the product with weak
alcohol, the latter compound may be separated, and the compound of

sapogenin and potash obtained in crystals by leaving the solution to

evaporate. This compound may be decomposed by precipitating its

aqueous solution with acids. (Fremy.) By this process, pure sapo-

genin may be obtained from saponin of horse-chestnuts more readily
than by 1. (Fremy.) See also, under Saponin, Rochleder & Schwarz's state-

ments respecting its behaviour to potash.

Properties. Remains after the evaporation of its alcoholic solution

in yellowish white, friable, irregular, amorphous lumps. (Quevenne.)

Horny laminae which may be rubbed to a white powder. (Overbeck.)
According to Fremy sapogenin either from horse-chestnuts or from Saponaria may be

crystallised from alcohol. Tasteless (Fremy) ; the taste is but faint at

first, but afterwards very bitter. (Quevenne.) The alcoholic solution

reddens litmus. (Quevenne.)

Calculation according to

Fremy. Rochleder & Schwarz.

X

52 C
4fi H
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by dry distillation. (Fremy.) 3. In contact with oil of vitriol it turns

violet, and imparts a faint violet tint to the oil of vitriol itself. (Que-
veune.) It dissolves in oil of vitriol with red-brown colour; in less

concentrated sulphuric acid with red colour. (Rochleder & Schwarz.)
4. With nitric acid, it forms a brown resin and red vapours. (Fremy.)
5. It appears to be somewhat altered by prolonged boiling with

dilute acids. (Bolley.)

Combinations. Sapogenin is nearly insoluble in boiling water.

(Fremy.) When left in contact with water for a considerable time, it

does not swell up, but dissolves slightly, so that the solution precipi-
tates metallic salts. (Quevenne.)

It unites with bases, without losing water. The resulting com-

pounds, Fremy's esculates, are decomposed by carbonic acid.

The compounds with Ammonia, Potash, and Soda are soluble in

water, and solidify to a jelly when their aqueous solutions are evapo-
rated, but separate from a mixture of 1 pt. water and 2 pts. alcohol

in beautiful pearly laminae. They contain 1 at. base to 2 at. sapo-
genin. (Fremy.) Alcoholic sapogenin neutralized with potash-ley
leaves, when evaporated, an amorphous, white, very bitter mass, not

containing any crystals. (Quevenne.) Sapogenin forms with the

alkalis very bitter compounds, which are soluble in water. (Rochleder
& Schwarz.) Gelatinous sapogenin dissolves readily in aqueous
alkalis, but after drying it dissolves but imperfectly even when boiled

in the liquid. (Overbeck.)
With Baryta, Strontia, and Lime, sapogenin forms compounds inso-

luble in water and in alcohol of 40, but soluble in dilute alcohol.

(Fremy.) Alcoholic sapogenin precipitates baryta- and lime-salts, but
not hydrochlorate of magnesia. (Quevenne.) Bolley's sapogenin like-

wise precipitates baryta-salts.
With Lead-oxide or Cupric oxide sapogenin forms compounds inso-

luble in water. (Fremy.) Alcoholic sapogenin precipitates sulphate of
copper, neutral and basic acetate of lead, ferrous SiTid ferric sulphates, nitrate

of silver and bichloride of platinum. (Quevenne.) Sapogenin pre-

pared from Saponaria or from Senega, precipitates neutral acetate of

lead but slightly ; basic acetate of lead, ferric salts, silver salts, and
mercuric salts more copiously. (Bolley.) Overbeck's sapogenin does not

precipitate an alcoholic solution of neutral acetate of lead.

Sapogenin dissolves very readily in alcohol, but is insoluble in

ether. (Fremy.) From aqueous tannic acid it throws down a small

precipitate. (Quevenne.)

Primary Nucleus C24!!28 ; Oxygen-nucleus C
24IP0 8

?

Picrolichenin.

ALMS. (1832.) Ann. Pharm. 1, 61.

GREGORY. J. Pharm. 21, 314.

A. VOGEL, jun., & WUTII. N. Jahrb. Pharm. 8, 201 ; JV. Br. Arch. 95,

67; J.pr. Chem. 72, 272.
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Occurrence. In Variolaria amara.

Preparation. The lichen is distilled with rectified spirit (if it remains

in contact with the liquid for too long a time, it undergoes alteration, and a brown
mass is obtained, Vogel & Wuth) ; the extract is evaporated to a syrup, and
left at rest ;

and the crystals, which separate after fourteen days, arc

purified by washing with weak potash-ley, and repeated crystallisa-
tion from alcohol. (Alms.) A pound of the lichen yields half an
ounce of picrolichenin.

Properties. Colourless, transparent, highly lustrous, rhombic octa-

hedrons. Melts a little above the melting point of sulphur, and
solidifies to a transparent brittle mass on cooling. Not volatile

without decomposition. Sp. gr. 1-176. Inodorous, but has a strongly
bitter taste, The solutions redden litmus.

Vogel & Wuth.

24 C



PHYSODIN. 5?

Oxygen-nucleus C24iI12 16
.

Physodin.

GEEDING. N. Br. Arch. 87, 1.

Occurrence. In Parmelia physodes.

Preparation. The lichen air-dried and cut in pieces is macerated
for several days with ether ; the ethereal extract is evaporated ; and
the residual white powder is purified by washing with alcohol and

repeated crystallisation from -absolute alcohol.

Properties. White, loosely coherent mass, appearing when mag-
nified 120 times, to consist of four-sided truncated prisms ; if obtained

from the alcohol solution by spontaneous evaporation, it forms

crystals 2J lines long. Melts at 125. Neutral to vegetable colours.



58 PRIMARY NUCLEUS C2W; OXYGEN-NUCLEUS C24H24O6
.

sulphate of copper a pale green ; and with nitrate of silver a brown-red

precipitate.
It is insoluble in alcohol of 80 p. c., but dissolves in boiling absolute

alcohol. It is insoluble in ether and in acetic acid.

Primary Nucleus C24H30
; Oxygen-nucleus C24H24 6

.

Leucic Acid.

CAHOURS. Compt. rend. 27, 368.

A. STRECKER. Ann. Pharm. 68, 55 ; Lehrbuch. 3 Aufl. 200.

GOSSMANN. Ann. Pharm. 91, 135.

WAAGE. Ann. Pharm. 118, 295.

THUDICHUM. Chem. Soc. Qu. J. 14, 307.

C24H24O13 from its analogy with lactic acid (xi. 472), which, however, according to

more recent investigations, appears to be C flHO6
. (Kr.) The experiments of Waage

and Thudichum tend rather to show that leucic acid is C 12H12O6
.

Formation. 1. Leucine, dissolved in water, is converted, by the
action of oxidising agents, or even on standing, into a peculiar acid

C 12H12 6
. (Cahours.) When nitric oxide gas is passed through a

solution of leucine in strong nitric acid [or nitrous acid through a
solution of leucine in warm water (Thudichum), or water slightly
acidulated with nitric acid (Waage)], nitrogen is evolved, and oily
leucic acid, soluble in ether is produced (Strecker) :

2C !2NH 13 4 - 2NH3
-f 4HO = C24H24O12

.

2. When chlorine gas, not in excess, is cautiously passed through
a solution of leucine in caustic soda, leucic acid is formed and may be

separated from the mixture in the same manner as benzoglycollic
acid (xii, 64) from hippuric acid. (Grossmann.)

^[. Preparation. Purified leucine* is dissolved in boiling water slightly
acidulated with nitric acid, and nitrous acid gas is passed through the
warm solution as long as nitrogen continues to escape ; the liquid,
which turns brown and gradually deposits brown flakes, is left to cool,

* The leucine used in the preparation was prepared by Hinterberger's method (Ann.
Pharm. 91, 135), as modified by Schwanert (ibid. 102, 221), viz., by boiling ox-horn
for some time with sulphuric acid ; adding milk of lime in excess, filtering, boiling

again, and precipitating the lime with oxalic acid
; decolorising the filtrate by adding

sulphate of copper, and precipitating the copper with sulphuretted hydrogen ; then

concentrating the filtrate, and leaving it to crystallise. The leucine thus obtained was
futher purified by repeated crystallisation from water and weak spirit, finally decolorised

by boiling it with a small quantity of hydrated oxide of lead, and precipitating the dis-

solved lead with sulphuretted hydrogen ; the solution was then evaporated and the

leucine once more crystallised from dilute alcohol. The product was quite colourless,
but left 2 per cent, of ash when burnt, and still contained a trace of sulphur.

(Waage,)
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then agitated several times with ether
;
and the ethereal extracts are

evaporated. The residue is a brown oily liquid not misciblc with water,
which gradually solidifies to a radio-crystalline mass. The aqueous solu-

tion freed from leucic acid by repeated agitation with ether, left on evaporation a con-

siderable quantity of nitro-leucic acid To purify the crude leucic acid thus

obtained, it is dissolved in a large quantity of water
( a smaller quantity

dissolves it but imperfectly) ; the boiling liquid is mixed with an aqueous
solution of acetate of zinc ; and the precipitated leucate of zinc is

washed On the filter with water (which dissolves but a small quantity of it),

purified by recrystallisation from alcohol, then suspended in water,
and decomposed by sulphurreted hydrogen. The filtered solution is

but very slightly coloured, and when evaporated to a syrup and left

to stand, yields leucic acid in colourless needles. If, on the other hand,
the zinc-salt be suspended in alcohol and decomposed by sulphuretted

hydrogen, the acid is obtained in hard, brittle prisms. (Waage.)
2. Thudichum passes nitrous acid gas through a warm aqueous

solution of leucine ; evaporates with addition of leucine to neutralise

the free nitric acid, and prevent it from oxidising the leucic acid ;

agitates the syrupy residue with ether (or extracts the leucic acid

from the aqueous solution by agitation with ether, without previous

evaporation ;
in which case, however, the treatment with ether must

be repeated a great number of times) ;
and purifies the crude leucic

acid from adhering brown oil, either by solution in cold water,
filtration and recrystallisation, or by strongly pressing the coloured

crystals between bibulous paper, or by precipitating the aqueous
solution with acetate of lead, decomposing the washed precipitate
with sulphuretted hydrogen, and evaporating the filtrate, either over
the water-bath at a very moderate heat, or over sulphuric acid.

Properties. Colourless needles. (Strecker.) Needles or hard, brittle

prisms, of the right or oblique prismatic system, according to the mode
of preparation. (Waage, vid. sup.)Radiary groups of needles, having a

mother-of-pearl lustre, with a beautiful variety of concentric mark-

ings, like those of some kinds of larch-agaric. (Thudichum.) Heavier
than water. Cuts like hard soap, almost like stearic acid. (Thudi-

chum.) Has an acid taste, and reddens litmus (Thudichum) ; bitter

taste, and strong acid reaction (Waage). Melts below 100 and
solidifies on cooling. (Thudichum.) Melts at 73, and sometimes
solidifies at a few degrees below the melting point, sometimes remains

liquid even when cooled to 0. (Waage.)

12 C



GO PRIMARY NUCLEUS C^H30
; OXYGEN-NUCLEUS C2 'HMOS

.

few flocks, probably consisting of the anhydride. The mass which
remains in the middle of the watch-glass is syrupy, dissolves in water

only after prolonged boiling, but is easily soluble in alcohol and

ether; it probably consists of leucic anhydride; but whether corre-

sponding to lactic anhydride (xi. 501) or to lactide, is at present un-

determined. (Waagc.) The acid heated for some time in the water-
oven continually gives off acid-smelling vapours, and does not
afterwards solidify on cooling, but remains in the form of an uncrys-
tallisable, dark brown smeary syrup ; the anhydride, which has a very
disagreeable odour, remains unchanged, even when left over oil of

vitriol for weeks, and is nearly insoluble in water, separating from it

like an oil and sinking to the bottom. A small quantity of this

insoluble compound is likewise formed when the aqueous solution,
even if dilute, is heated to the boiling point or evaporated. The forma-
tion of this insoluble compound renders the preparation of pure salts of leucic

acid rather difficult, and has doubtless also given rise to the statement sometimes
made that leucic acid is uncrystallisable. (Thudichum.) 2. Leucic acid

strongly heated in the air, gives off thick fumes and blackens, then
takes fire and burns with a yellow smoky flame, leaving a small

quantity of charcoal, which is quickly and easily consumed. (Thu-
dichum.)

Combinations. Very soluble in water. (Waage, Thudichum.)
Difficultly soluble. (Strecker.) Strecker's acid was, perhaps, partially con-

verted into the insoluble compound above mentioned. A small piece placed
on water dissolves rapidly, producing curious currents of diffusion.

The solution has an agreeably acid taste, reddens litmus, and decom-

poses carbonates.

Leucates. Leucic acid forms crystallisable salts (Strecker, Thudi-

chum), most of which have the composition C
121IUM06

. An acid silver-

salt appears, however, to exist, which may be either C 12HuAg06
,

C 12H12 6
,
or C24H23Ag0

6
; but as no acid leucate of any other base has

been produced, the 12-carbon formula of the acid must be regarded as

the more probable a conclusion also pointed out by the formation of

the acid from leucine. The salts are for the most part obtained by
boiling the aqueous solution of the acid with the corresponding carbon-

ates. (Thudichum.) They are less soluble than the lactatcs in water,
more soluble in alcohol. (Waagc.)

Leucate of Ammonia. The acid slightly supersaturated with

ammonia, and evaporated, leaves a thick homogeneous residue, in

which no trace of crystallisation can be observed, even after drying for

several weeks over oil of vitriol. (Thudichum.)

Leucate of Soda. The aqueous acid neutralised with carbonate of

soda and evaporated, leaves a syrupy residue covered with a crystal-
line crust. When this syrup is left over oil of vitriol, crystals form in

it, which, under the microscope, exhibit a characteristic tub-shape,
with rhombic plates interspersed here and there. (Thudichum.)

Leucate of Baryta, C 12HnBa06
. Obtained by digesting the aqueous

acid with carbonate of baryta. (Waage, Thudichum.) It dissolves

with moderate facility in warm water and dilute alcohol, and sepa-
rates from boiling alcohol in beautiful colourless, silky, laminar crystals,
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which, like most leucates, retain something of the appearance of

leucilie. (Waage.) Thudicum obtained it by evaporation in crystalline crusts,
which remained yellow even after pressing and drying. It is anhydrous,
and gives by analysis 38'6 p. c. baryta, the formula requiring 38'4 p. c.

(Waage.)
By evaporating two equal quantities of the acid, one of which had

been neutralised with carbonate of baryta, a smeary semi-solid mass
was obtained, apparently consisting of a mixture of the neutral salt

with free leucic acid. (Thudichum.)

Leucate of Lime. C 12II"Ca06
. An aqueous solution of the acid

neutralised with chalk or milk of lime and left to evaporate, yields
the lime-salt in fine needles, easily soluble in water and in alcohol.

(Waage.) Thudichum obtained it in non-crystalline crusts, which gave
by analysis 12-68 and 12'78 p. c. lime (calc. 13'24 p. c.).

Leucate of Magnesia. Sparingly soluble in water, deposited in

crusts on evaporation. (Thudichum.)

Leucate of Zinc. Obtained by neutralising the dilute acid at

the boiling heat with carbonate of zinc, and filtering at the same

temperature. If the solution of leucic acid is not exceedingly dilute, a thick

froth containing undissolved leucate and carbonate of zinc is formed at the top of the

liquid, which requires repeated boiling with water to dissolve it. The latest solutions

are the purest and least coloured. The solution deposits a thin crust on

cooling. Evaporated over the water-bath, it soon becomes covered
with a crust, and on cooling deposits bulky masses of needles, which
must be separated by filtration, pressed between bibulous paper, and
dried by exposure to the air or over the water-bath. The best

crystals are obtained from a solution containing excess of leucic acid.

(Thudichum.) For Waage's mode of preparation, see page 59.

Snow-white, with splendid silky lustre ; exhibits under the micro-

scope the appearance of masses of needles. (Thudichum.) Extremely
light scales, of dazzling whiteness and silky lustre. (Waage.)
Sparingly soluble even in boiling water, less in cold water. (Thudi-

chum.) Dissolves in 300 pts. water at 16, and in 204 pts. boiling

water, more soluble in alcohol. (Waage.) The air-dried salt gives
off 5-1 p. c. water (1 at.) at 100 (Waage) ; gives off half its water at

100, but requires a temperature of 120 130 to dry it completely.

(Thudichum.) Sulphuretted hydrogen precipitates the zinc completely
(Waage), only a portion even after repeated saturation of the solution

with the gas. (Thudichum.)

at 120 130

12 C 72'0 ....

11 H ll'O ....
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resin while warm, but becomes brittle and hard on cooling. This

substance is insoluble in water and alcohol, even on boiling, and
seems to be a basic salt.

If the solution of lead is added to a boiling solution of the acid,

no precipitate ensues, acid vapours are evolved, and the liquid becomes

milky on cooling. In a short time, it deposits the lead-salt as a light,

granular, white mass, which, under the microscope, appears to be made

up of a multitude of strongly refracting spherical masses, of the size

of human blood-corpuscles. This salt is more easily soluble in an
excess of the acetate than in water. It is easily soluble in spirit of

wine, particularly in boiling spirit. Even in these solutions, basic salts

are easily formed. The addition of water to these solutions produces
a precipitate. (Thudichum.)

Leucate of Cobalt. The dilute aqueous acid boiled with excess of

carbonate of cobalt, then filtered and evaporated, deposits light crusts

of a pink colour while moist, but of a very pale rose-colour or almost

white when dry. The salt is but sparingly soluble in cold water, and
not much more soluble at the boiling heat. It crystallises in needles,

which, under the microscope, appear to be arranged* in globular
masses.
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Mercuric Leucate may be prepared: a. Directly, by dissolving

freshly-precipitated moist mercuric oxide in aqueous leucic acid. A
flaky precipitate gradually ensues, which, on heating, becomes red and

granular, and adheres to the sides of the glass. On cooling, a new
precipitate, consisting of whitish globules, is deposited. b. By adding
mercuric nitrate to an aqueous solution of leucic acid. A whitish-red

precipitate is formed, which dissolves on boiling, and, on cooling, is

again deposited in reddish granules. c. By adding the mercurial solu-

tion to the leucate of an alkali.

The leucates of both oxides of mercury have a great tendency to

become reduced. The mercuric salt easily passes into the mercurous
salt. The mercuric salt, moreover, has a great tendency to become
basic and insoluble. (Thudichum.)

Leucate of Silver. a. Neutral. Obtained by adding nitrate of

silver to the solution of the acid neutralised with ammonia, or by
boiling the acid with oxide of silver, and may be rendered quite colour-

less by recrystallisation from boiling water, in which it is moderately
soluble. It is anhydrous. (Waage.) Nitrate of silver added to a

warm solution of leucate of ammonia, potash or soda, forms a copious
white crystalline precipitate, which increases as the liquid cools, and
blackens if left in the mother-liquor. (Thudichum.)

Dried over oil of vitriol. Waage. Thudichum.
12 C 72 .... 30-13
11 H 11 .... 4-60

Ag 108 .... 45-19 .... 45-2 .... 44-14

GO 48 .... 20-08

C^EFAgO8 239 .... 100-00

The salt, dried over the water-bath below 100, became brown and continued to lose

weight. (Thudichum.)

Acid salt. A hot dilute solution of leucic acid decomposes recently-

precipitated carbonate of silver with effervescence. The excess of

carbonate of silver and the undissolved portion of the leucate become

blackish-grey, but the acid is not entirely neutralised. The hot filtrate

forms no deposit on cooling. The attempt to evaporate it over the
water-bath produces a black precipitate of reduced silver. It must,
therefore, be evaporated in vacuo over oil of vitriol. After prolonged
standing, a few crystals, of a glassy lustre and appearing under the

microscope as groups of rhombic plates, are deposited at the margin of

the dish. The liquid then becomes covered with a pellicle, and evapo-
ration is impeded. At a later stage, conglomerates of needles are

deposited, which, when carefully dried over sulphuric acid in vacuo,

appear a little blackened, like most silver-salts, but are not decom-

posed. Silver by analysis 26'97 p. c. ; the formula requires 29'1 p. c.

(Thudichum.)

Leucic acid is soluble in alcohol and in ether. (Strecker, Thudichum,
Waage.) f.
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Appendix to Compounds containing 24 atoms of Carbon.

Panaquilone.

S. GARRIQTTES. Ann. Pharm. 90, 231 ; Pharm. Centr. 1854, 721 ;

J.pr. Chem. 63, 97.

Occurrence. In the root of American ginger, Panax quinquefolius.

Preparation. The aqueous infusion of the root precipitated in the

cold is freed from albumin by heating ; the filtrate is evaporated to a

syrup, and precipitated with a strong solution of sulphate of soda ;
and

the brown, glutinous precipitate is washed with the same solution and
heated with absolute alcohol. Panaquilone then dissolves, remains
behind when the alcohol is distilled off, and may be purified by solution

in water, treatment with animal charcoal, evaporation, and re-solution

in absolute alcohol.

Properties. Amorphous, yellow powder, having a bitter-sweet

taste. Free from nitrogen.
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nitric acid, it is resolved into panacone, which separates out, and
carbonic acid and water :

C^H^O18 = C^Hi'O3 + 2C02 + 6HO (Garriques.)

Properties. White tasteless powder, composed of microscopic

crystals.

Calculation according to Garriques. Garriques.

22 C 132 .... 61-43 59'22 .... 61-06

19 H 19 .... 8-83 8-93 .... 8-85

8 64 .... 29-74 31-85 .... 30-09

C^H^O8 215 .... 100-00 100-00 .... 100 00

The formula, which does not accord with the principles of this Work, may perhaps
be made correct by doubling (Kr.).

Panacone melts when heated, and burns with flame. Hot con-

centrated nitric acid converts it into oxalic acid.

It is insoluble in water, dissolves, with purple colour, in oil of vitriol-,

and is precipitated therefrom by water. It is not altered by alkalis.

It is soluble in alcohol, but insoluble in ether.

Carbo-hydrates or Saccharo'idal Substances.

The bodies belonging to this group cannot, with certainty, be arranged in the gene-
ral system. The order, in which they are here described, is such that a compound,
in which (independently of crystallisation-water) the sum of the hydrogen and

oxygen-atoms is expressed by a smaller number, takes precedence of one in which

that sum is larger. The compounds derived from these carbo-hydrates (mannitan,

xyloidin, sulphosaccharic acid, &c.), are likewise arranged independently of the nucleus-

system, being placed immediately after the primary compound. Moreover, as the

compounds containing 12 atoms of carbon have already been described (vol. xi.), it is a

matter of necessity to treat all carbo-hydrates in connection with the 24-carbon com-

pounds, without entering upon the question whether their molecule really contains 12

or 24 at. C. (Kr.).

Carbo-hydrates C 12H60.

Phloroglucin.

HLASIWETZ. Wien. Akad. Ber. 17, 382. J. pr. Chem. 67, 105 ;

abstr. Ann. Pharm. 96, 118; Chem. Gaz. 1856, 81; Lieb. Kopp.
Jahresber. 1855, 700. Wie?i. Akad. Ber. 36, 401; Ann. Pharm.

112, 96; J.pr. Chem. 78, 257; abstr. Chem. Centr. 1860, 132; Rep.
Chim. pure, 2, 139; Kopp's Jahresber. 1859, 524. Wien. Akad.
Ber. 43, 451; Ann. Pharm. 119, 199; Rep. Chim. pure, 1861,
459.

VOL. XV. F



66 CARBO-HYDRATES C12H6O6
.

Formation. 1. Phloretin boiled with potash-ley is resolved into

phloretic acid and phloroglucin. 2. Quercetin, under the same cir-

cumstances, is resolved into quercetic acid and phloroglucin :

C36Hi6O2o + 2HO = C24H12 16 + C12H 6 6
.

Preparation. 1. See xii, 307. The mixture of phloroglucin and
carbonate of potash obtained as there described (whence alcohol does not

extract any phloroglucin) from which all the phloretate of potash has been
extracted by alcohol, is dissolved in water ; dilute sulphuric acid is

added in slight excess ; and the mass is evaporated to dryness over
the water-bath, and then well boiled with alcohol (better with ether-

alcohol). The alcohol is distilled off and the residue left to crystallise,

whereby strongly-coloured crystals are obtained, the mother-liquor
also yielding an additional quantity. They are dissolved in water,
and the solution is mixed with acetate of lead (which produces no

precipitate), and saturated with sulphuretted hydrogen, the pre-

cipitated sulphide of lead carrying down nearly the whole of the

colouring matter, so that the crystals which afterwards separate have

only a yellowish tint. By recrystallisation from ether and afterwards
from water, they may be obtained quite colourless.

2. Quercetin is added to a hot concentrated solution of 3 pts.

hydrate of potash, the liquid evaporated down at the boiling heat,
and the residue further heated, till a sample of it taken out no longer
yields a flocculent precipitate with hydrochloric acid, and quickly
assumes a deep red colour when dissolved in water. The whole is

then immediately dissolved in water, the solution which instantly
turns red is neutralised with hydrochloric acid, and the flocks (of

alpha-quercetin and undecomposed quercetin) which are deposited from
the liquid on standing and cooling, are separated by filtration. The
filtrate is evaporated to dryness, the residue exhausted with alcohol

;

the alcohol distilled off from the brown tincture ; the residue dissolved

in water, and mixed with acetate of lead, whereby quercetate of lead

is precipitated, while ploroglucin remains in solution. The latter is

obtained in the crystalline state by removing the lead from the filtrate

with sulphuretted hydrogen and quickly evaporating, and is purified by
recrystallisation with help of animal charcoal.

Properties. Phloroglucin separates from absolute ether in anhydrous
crystals (see hydrated phloroglucin). It is sweeter than common sugar.
Neutral. Permanent in the air at ordinary temperatures and at 100.
Melts at about 220. Sublimes partially without particular odour, and
solidifies on cooling.

Hlasiwetz.

Anhydrous at 1C

12 C 72 .
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becomes red-brown and afterwards opaque. In a concentrated

aqueous solution it is converted by bromine into terbromo-phloroglucin,
which immediately separates in the crystalline form, the liquid becoming
hot, and emitting a highly tear-exciting odour. With hot hydrochloric
acid it assumes a reddish yellow colour. Nitric acid dissolves it with
brown colour, and converts it into nitrophloroglucin (p. 68). Ammonia
converts it into phloramine C 12H7NO* (p. 69). It reduces an alkaline

solution of cupric oxide, like grape-sugar. It reduces mercurous nitrate

when heated with it, and likewise nitrate of silver, with peculiar quick-
ness, on addition of ammonia. With chloride of acetyl, chloride of

benzoyl, &c., it forms substitution-products (p 71).

Combinations: With Water. A. Hydrated Phloroglucin. Hard
crystals belonging to the right prismatic or rhombic system, which by
slow evaporation are obtained of the size of peas, with irregular pris-
matic faces. It grates betwen the teeth. It effloresces in warm air,

and in vacuo, or more quickly at 90, giving off 22*25 to 22-47 p. c.

water of crystallisation (calc. 4 at = 22 '22 p. c.), and being thereby
converted into anhydrous phloroglucin.

12 C
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.

Terbromophloroglucin.

C 1JBr3IPOG
.

HLASIWETZ. Wien. Akad. Ber. 17, 394.

Formation, (p. 67)

Preparation. Bromine is dropped into concentrated aqueous-phlo-
roglucin till the colour of the bromine is no longer destroyed, and the

liquid has solidified to a crystalline pulp ; this product is collected

on a filter, washed with cold water, and recrystallised from boiling
water with help of animal charcoal.

Properties. See Hydrated Terbromophloroglucin. This compound gives
off 12-92 p.c. water (calc. 6 at. = 12-94) and then easily falls to powder.

12 C
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evolution of heat, a blood-red solution wliich gives off a large quantity of gas and be-
comes lighter, oxalic acid being formed in it. When phloroglucin is added by
small quantities to somewhat dilute nitric acid moderately heated and
kept at a uniform temperature, a deep red solution is formed, which
deposits small nodules. These are purified by recrystallisation from
hot water.

Reddish yellow shining scales and laminse, having a slightly bitter
taste. They are sparingly soluble in water, but colour it yellow.

12 C ...
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rate, probably a nitro-compound. The same crystals are produced when
nitrate of phloramine is kept in the moist state. 4. When phloramine
is heated over the water-bath with oil of vitriol, a conjugated sulphuric
acid is formed, whose baryta-salt crystallises in needles. This baryta-
salt and the solution obtained by heating phloramine with oil of vitriol,

diluting, neutralising with carbonate of baryta, boiling and filtering,

acquires a fine violet colour on addition of sesquichloride of iron, even
if the liquid is very dilute, just as tyrosine (xiii. 358) does when simi-

larly treated. 5. By chlorate ofpotash and hydrochloric acid, phloramine
is converted into a dark brown resin which gradually becomes lighter
in colour, and when distilled, gives off a small quantity of oil having an

intensely strong odour (perhaps chlorinated acetone), and leaves a resin.

No chloranil is formed in this reaction 6. When ammoniacal phloroglucm
is exposed to the air, the phloramine formed in the first instance dis-

appears, and the liquid dries up to a black shining brittle mass, which
dissolves in aqueous ammonia and is thrown down by acids as a black-

brown precipitate. This precipitate,, after being washed, dried, again washed with

warm water, and again dried, resembles pulverised glance-coal, and, though not of per-

fectly uniform composition, contains, on the average, 59'6 p. c. C., 4*4 H., and 4"2 N.

Perhaps, therefore, C36NH 15O4
(calc, 60'5 C., 4'2 H., 3'9 N.), formed from 3 at. phloro-

glucin, 1 at. ammonia-, and 2 at. oxygen, with elimination of 6 at. water 7. By
aqueous alkalis, phloramine is coloured dark and decomposed. 8. It

does not reduce silver from its solution when heated therewith.

Combinations. Phloramine is sparingly soluble in cold water. The
solution does not colour sesquichloride of iron, or form a precipitate with
neutral acetate of lead or nitrate of silver.

It unites with acids, -forming salts which crystallise well, and are all

soluble in alcohol.

Sulphate of Phloramine. A solution of phloramine in dilute sulphu-
ric *acid yields by spontaneous evaporation, long, yellowish, brittle

needles, which, when heated over the water-bath, acquire a bright

yellow colour and give off 9*38 p.c. water (2 at. = 9-37 p.c.)

Dried. Hlasiwetz & Pfaundler.

C12NH7O4,HO 134 .... 77-01

SO3 40 .... 22-99 .... 22-86

C 12NH7O4,SO
3,HO 174 .... 100-00

Hlasiwetz doubles the formula, in accordance with the bibasicity of sulphuric acid.

Hydrochlorate of Phloramine. Phloramine, on which strong hydro-
chloric acid is poured, crumbles to a sandy powder, which dissolves when
heated, and separates on cooling in yellow shining laminee, perhaps

consisting of the anhydrous salt. After solution in water, white
needles and laminae are slowly obtained, which turn yelloAV at 100 and

give off 10-16 p.c. water (2 at. = 10-02 p.c.)

Dried.

12 C
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Nitrate of Phloramine. Phloramine dissolves rapidly in warm mode-

rately concentrated nitric acid, the solution yielding the salt in shining
bronze-coloured laminse and needles. (Decompositions p. 70.)

12 C
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Hlasi \vetz & Pfaundler.

54 C 324 .... 73-97 73-59
18 H 18 .... 4-11 4-31

12 O 96 .... 22-02 22-10

C12
(C

14H 5 2
)
3H 3 6 438 .... 100-00 100-00

Carlo-hydrates C 13H10 10
.

Starch.

(J12JJ10Q10 or C24H20 2
.
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BECHAMP. See above.

Starke^ Satzmehl, Kraftmehl, Amylvm, Amidon, Matiere amylacee* Known
to the ancients ; prepared from wheat, especially in Crete and in Egypt;
according to Dioscorides, it was called ajiv\ov by the Greeks, because it

could be obtained without grinding with mill-stones. It was first

separated from flour by Beccari, in 1745.

Sources. Starch is very widely diffused in the vegetable kingdom.
It occurs in variable quantity, for a time, at least, in every plant that

has been examined. It is especially abundant in certain families of

plants, and occurs in very large quantity in certain organs, especially
in the albumen of the seeds (not in those of acotyledons : Wahlenberg
N. Gehl. 81, 108), in the cotyledons of the embryo; in the pith of the
stem and stalks ;

in bulbs, tubers, rhizomes, and roots ; also in the bark
and splint of trees in the winter-season ; sometimes in the flowers. It
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is enclosed in vegetable cells, which it often fills completely, or is scat-

tered therein in granules, but is never attached to the cell-walls (Payen
Compt. rend. 18, 240) ; according to Turpin, on the contrary, the starch

granules are attached by their hilum to the wall of the cell. Starch

may occur in the cells of all organs of the greater number of plants,
but not in the youngest cellular tissue, which is composed of nitro-

genous matter and cellulose ; thus, it does not occur in the spongioles
of the roots, the youngest leaf-buds, or the youngest forms of the

flower, in the interior of the unimpregnated ovary, in the epidermis and
cells lying immediately under it, or in the vessels and intercellular

passages. (Payen.)
Woody plants, which are green in summer, contain in spring, before

the commencement of vegetation, granular starch, which, as the sap

begins to move, is gradually dissolved from without, inwards. It is

distributed through all parts of the stem, both above and below the

surface of the ground, in the cells of the parenchyma and prosenchyma,
being most abundant in the underground wood, less in the stem-wood,
least in the branch and twig-wood ; but in Fagus Sylvatica and Carpinus
betulus, it is most abundant in the cells of the medullary rays of the

youngest shoots. (Hartig, J. pr. Chem. 5, 217; see also, Waklenberg,
N. Gelil. 8, 108 ; Robert, J. Pharm. 4, 545 ; Hunefeld, J. Pharm. 16, 664.)

Starch has been found and partially examined in the following

plants, among others: in some Confervas (Mohl, Meyer) ;
in some Charce,

but not in all; in the stalks of Lycopodiacece (not in the seeds: Schleiden),
in the cellular tissue of the stem and branches of some Rhizocarpeoe ;

in the leaf-buds of Marchantia and Lanularia (Vogel, Linncea, 15, 59 ;

J. pr. Chem. 25, 382). In the roots of Arctium Lappa, Atropa Bella-

donna, Polygonum Bistorta, Spircea Jilipendula, Scrophularia nodosa,
Sambucus Ebulus, arid S. nigra, Imperitoria Ostruthium, Bunium Bulbo-

castanum, Orobus tuberosus, several species of Rumex, Hyoscyamus niger

(Parmentier) ; Convolvulus Jalappa&nd. C. Turpethum, Rheumpalmatum, and
R. rhaponticum, Pceonia officinalis, Valeriana officinalis, Aristolochia Clema-

titis, and A. Serpentaria, Polypodium Filix mas, Geum urbanum, Alpinia
Galanga, Fragaria vesca, Nymphwa alba, Brassica Napus, Laurus Sassafras,

Apium Petroselinum, Urtica dioica, Daucus Carota [according to

C. Schmidt (Ann. Pharm. 83, 326), it is not found in this plant, but

according to Wittstein (Pharm. Vierteljahr. 2, 122) it is], Tropaolum
majus (not in the roots, but in the stem, leaf-stalks and seeds ; Hune-
feld), in various species of Rumex, Malva sylvestris, Glycyrrhiza glabra,
Cochlearia armoracia (not in the seeds, Hunefeld). Althcea officinalis,

Ononis spinosa, Humulus Lupulus (Robert, J. Pharm. 4, 542) ; of Asclepias

syriaca (not in the part of the plant growing above ground), abundantly
in the roots of Triglochin maritimum, of various species of Plantago, in

Orchidacea, Iridaceaz, Ranumulacew ; sparingly in the several species of

Rumex, not at all in the roots of Syngenesice and Tetradynamice (Hunefeld) ;

of Cephalis Ipecacuanha (Willigk, Wien. Akad. Ber. 5, 190), Bryonia alba

(Parmentier, Riegel, Jahrb. pr. Pharm. 6, 35), Cocculus palmatus, Pas-
tinaca sativa (Payen) ; of various species of Arum, Callodium Succulen-

tum, various species of Jatropha (Ricord, Madianna, J. Pharm. 16, 313 ;

Schw. 59, 247) ; of Smilax Sarsaparilla, Daucus Carota (Schleiden.) In
the tubers of Solanum tuberosum, of Orchidacece, of Aponogeton (Payen)
of Ipomaa Batatas and /. operculata (Buchner, Repert. 31, 393), Oxalis
crenata (Payen). In the root- stocks of Maranta arundinacea and
M. indica, of various species of Canna (Payen, Fritzsche, Schleiden,
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Ricord, Madianna) ;
Z ea Mais (Payen, Schleiden.); Zinziberacecc and

Dioscorece (Ricord, Madianna, Schleiden) ; Hedychium (Fritzsche) ; Vera-
trum album, Acorus Calamus, Iris germanica (Robert) ; Curcuma <iu~

gustifolia (Guibourt) ; Curcuma leucorrhiza, Carex arenaria, Anatherum

Iwarancusa, Iridacece, Lathrcea, squamaria (Schleiden). In the nodular
roots of Ficaria verna (Schleiden). In the bulbs of LiliacecB and
Cokhiacece (Schleiden). In the stalk of Bernhardia dichotoma

(Schleiden); in the wood-stem of Aesculus Ilippocastanum, Carpimi*

Betulus, and various species of Populus, Salix and Tilia, amounting to

between 5 and 26 per cent, of the wood (Hartig, vid. sup.) ;
in the

wood-stem of Cycadece and species of Sagus (Payen, Guibourt, Schlei-

den), Cactacece (Payen), Blelia Tankervilia>, Dieffenbachia seguine

(Schleiden), Arundo saccharifera, Phoenix faramfera (Guibourt). In
the bark of Aylanthus glandulosa (Schleiden), sparingly in the bark of

Pinus sylvestris, Populus nujra, Laurus Massoy, Geoffroya surinamensis and
G. Jamaicensis, Drimys Winteri (Hiinefeld). In the thickened paren-
chyma of the leaves of Marallia (Schleiden). In the green parts of

Chenopodium ambrosio'ides, Achillea millefolium, Galeopsis officinalis, Teu-

crium marum, Atropa Belladonna, Calendula officinalis (Hiinefeld). In

the flowers (not in white flowers) of Trapceolum majus, Helianthus annuus,
Oenothera grandiflora, Potentilla punica, Heliopsis, Tagetes erecta. (Hiine-
feld, J. pr. Chem. 16, 87). In unripe apples and pears Dobereiner,
J. pr. Chem. 28, 167; Payen, Compt. rend. 53, 813). The existence of

starch in unripe fruits has been denied by some authors ; but, according to Payen, it

may always be found in unripe fruits having an acid juice, if the following method of

observation be adopted : A thin, vertical slice of the fruit is cut, and immediately

plunged into water, in order to avoid the action of the air on the colouring matter

contained in it, and to remove from its surface all those soluble substances which

might absorb iodine. After this washing, an aqueous solution of iodine, slightly

alcoholised, is substituted for the water, and the slices are left under the influence of

this solution for an hour or two. Apples, pears and quinces, which have attained

to a quarter or half their development, exhibit, when thus treated, the blue or deep
violet colour which indicates the presence of starch. In the seeds of Gramin-
acece (in the cereals, however, only for a short time before and during
maturity; Hiinefeld), of Leguminosce, Chenopodiacece, Amaranthacece,

Caryophyllacecc, Portiilacece (Tre'cul), of Beta vuJgaris (Payen), Momea
americana, Laurus, Melia sempervirens (Ricord), Zea Mais, Oryza sativa

(Payen, Lassaigne, J. Chim. med. 22, 4), Alpinaria Cardamomum

(Schleiden), Castanea vesca (Blanche di Como, 37*5 p. c. ;
B. di Orta,

38-02 ; Val Travaglia, 23'0 ; Vallellma, 23'3 p. c.), (Albini, Wien. Akad.
Ber. 13, 502). Aesculus Hippocastanum (Flandin, Belloc). Theobroma
Cacao (Lampadius, Buchner, Eepert. 58, 166); not in the seed of

Theobroma Cacao (Delcher & Chevallier, ,7. Chim. med. 14, 467 ;

Herzog, N. Br. Arch. 96, 216), in some varieties (Bley, loc. cit.). In

Tr< li<il<i, the exsudate of a species of Echinops, probably a native of

Syria, to the amount of 66'54 per cent., together with trehalose and

gum. (Guibourt, Compt. rend. 46, 1213.)

Starch is formed in plants only when the nutriment is in excess,
and is dissolved and used up at a later stage of the vegetative process,
when the nutriment becomes deficient (Payen) : it is probably formed
from vegetable mucus (Schleiden). Before the starch appears in the

cells, they are filled with a granular or homogenous mass yprotoplatma),
the development of which is slower than that of the cell, so that it

spreads itself in a layer of varying thickness over the inner surface of

the cell, enveloping the nucleus perhaps already present, and sometimes
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spreading in a thread-like form over its surface ; the starch is most

frequently formed in this protoplasma, more rarely on the surface or
in the interior of the nucleus. (Trecul, Compt. rend. 47, 782.)

On the quantity of starch in different parts of plants, according to Krocker (Ann.
Pharm. 58, 212), see in Gmelin's Handbuch, Band VIII, Phytochemie, s. 672 ; also

Gerhardt's Trait$} torn. ii. p. 486.

2. In the Animal Kingdom. In the spleen, liver, kidneys, mucous
membrane, bladder, and brain, in variable quantities, sometimes in the
mucus of the bronchise and bladder, in the urine, in cancerous and
tuberculous exsudations (Carter, N. Ann. Chim. Phys. 56, 358 ; Rep. Chim.

pure, 1, 475). A substance resembling starch is found in the epithelial
cells of the membranes of the amnios arid placenta ; in the epidermal
cells of the skin, gums, and tongue ; in the epithelium of the stomach
and intestines (Rouget, Compt. rend. 48, 792; Rep. Chim. pure, 1> 395).

According to Dobson, it occurs in the secretion of the Psylla, an insect

which lives on the leaves of the Eucalyptus (Trecul, Compt. rend. 47,

688).

On animal amyloid, a substance nearly resembling starch, see HandbucJi
Band VIII, Zoochemie, s. 75 ;

the recent observations of Kekule and Paulitzky
(Schmidt's medic. Jahrb. 103, 7 and 10] ; on the (not yet isolated) vegetable amyloid,
see Vogel & Schleiden. (Pogg. 46, 327). The hordein or cevadin found by Proust

(Ann. Chim. Phys. 5, 339) and Bizio., in the grain of barley and in maize, is, according
to Braconnot (Ann. Chim. Phys. 35, 159) and Guibourt (J. Chim. med. 5, 158;
Schw. 56, 119), a mixture of woody fibre, starch, and nitrogenous matter.

Preparation. 1. From Wheat. Wheat-starch, Weizenstarhnehl, Wei-

zenstdrke, Amidam, Amidone. Wheat after being softened in cold water,
is pressed under mill-stones or rollers, or in bags under water, as long
as milky water runs off from it. This liquid, when left to itself, deposits
starch containing glutin; the latter, however, dissolves for the most part
in the supernatant liquid, which graduallyturns sour (sour water), and on

decanting this acid liquid, repeatedly stirring up the starch with fresh

water, and leaving it to settle, it is at length obtained pure, and may
be dried in suitable desiccating chambers. Wheat-flour is mixed with
4 to 5 volumes of water, and \ to

-j

1
^ vol. sour water obtained from

former operations ; this sets up a fermentation, which lasts from 2 to

4 weeks, according to the temperature, and is interrupted as soon as

the nitrogenised substances are decomposed and dissolved. The
sediment of starch which remains at the end of a fermentation, is

repeatedly washed with water, sifted, and dried in desicating cham-
bers. Starch maybe freed from glutin by means of cold, dilute potash-

ley (Kirchhoff ),
or by distilled vinegar (Saussure), from pieces of fat

and other matter, by prolonged treatment with cold water, alcohol, or

ether.

2. From Potatoes. Potato- starch, KartoffeUtarkmehl, Fecule.

Washed and rasped potatoes are drenched in a sieve with a continued
stream of cold water, and the milky liquid which runs through is set aside

for a few minutes, till the heavier impurities have settled down, and
then left to stand for 3 or 4 hours in another pan. The starch which
collects at the bottom of the clear liquid is stirred up with water,

poured through hair sieves, then left to settle, repeatedly washed with
cold water, and dried, first on plates of gypsum, afterwards in desic-

cating chambers. The starch thus obtained is purified by successive
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washing* with the following liquids: 1. Cold alcohol. 2. Water.
3. Water containing 0*002 p. c. hydrochloric acid. 4. Water. 5. Water

containing 0*005 p. c. potash. 6. Water. (Payen). After this treat-

ment, the starch contains hydrochloric acid (Jacquelain, Gerhardt Traits',

2, 486), but may be purified by boiling with alcohol containing O'l p. c.

hydrate of potash, then washing with pure alcohol and with water.

3. From the root-sprouts of Maranta indica and M. arundinacea.

American starch, Arrow-root. Mode of preparation the same as 2.

4. From the roots of Janipha Manihot. Tapioca. The washed and
bruised roots are pressed in bags under water; the starch which

separates from the milky liquid is mealy tapioca; after drying upon hot

plates, it becomes granular tapioca; the portion of the pulp which
remains after washing and pressing is spread out on iron plates in a

layer 1 or 2 inches deep, and strongly dried into cakes ; this is Cassava

bread; when pulverised it forms Manjok flour, and when again heated
on iron plates till it swells up ; Mandiokka. (Sureau, J. Pharm. 20, 622).

5. From the stems of several species of Sagus and Cycas. Sago. The
starch is washed out of the pith of the stems on sieves in a stream of

water, then left to settle, washed on cloths or mats, rubbed when
half dry through metal sieves, and when thus granulated, it is dried at

about 60 in ovens of peculiar construction.

6. From Rice. Rice is heated with weak soda-ley, which dissolves

the nitrogenous impurities, and leaves pure starch (Lassaigne, J. Chim.
med. 22, 4), then with a solution of borax, cream of tartar, or some
other salts, to facilitate the separation of the starch from glutin.

(Colmann, Rep. of pat. inventions, 38, 178.)

7. From Horse-chestnuts, $c. The same method as in 2, excepting
that the starch is likewise well washed with aqueous carbonate of

soda, to remove the bitter principle (Flandin, Compt. rend. 27, 349),
or merely with water, like potato-starch (Belloc, Compt. rend. 28, 83).

Properties. White shining powder, soft to the touch, grating
between the fingers or the teeth, sometimes consisting of amorphous
masses, but more frequently of granules recognisable by the micro-

scope. These granules, of various diameter (from ^ to
-g-i-^-

of a line,

Fitzsche), (from *185 to '002 millimetres, Payen), and form (Payen),
(mostly egg-shaped, according to Fritzsche & Schleiden), have

generally a small eccentric nucleus (Fritzsche's nucleus; Schleiden's

central cavity), surrounded by layers arranged concentrically one over
the other (Fritzsche, Payen, Schleiden). These envelopes increase by
the successive deposition of new layers within the old ones (Schlei-

den), so that each layer is younger and less compactly aggregated
than the one which immediately surrounds it (Payen) ; and since the

layers are for the most part of variable thickness, they cause the

granule to deviate gradually in form from the originally spherical
nucleus. (Schleiden.) According to Maschke, the starch-granules

appear like bundles of 3 6 concentric bladders, with light and dark

rings, the light rings being formed of insoluble, the dark of soluble,

starch, and enclosing the central cavity of the innermost bladder,
which is either empty or filled with liquid amylone. According to Pohl
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(J. pr. Chem. 83, 35), the stratification of starch-granules is perceptible only when

they are immersed in water [possibly because the dry starch is not sufficiently trans-

parent].

1. Amorphous Starch, in the albumen of Cardamomum, in Jamaica

sarsaparilla root, in the root-stock of Carex arenaria (Schleiden) ;

dissolved in the epidermal cells of Gagea lutea and several species of

Ornithogalum (Sanio & Schunck) ; only partially granular in the root

of Aristolochia. (Trecul.)

2. Simple starch-granules. a. Roundish. With apparently defi-

cient nucleus : throughout the vegetable kingdom ; with small round
nucleus and distinct lamination : very crude in the pith of Cycadacece ;

egg-shaped in potatoes, in the root-stock of Maranta, Canna, &c. ;

conchoidal in the larger Liliacece ; with indistinct or deficient lamina-

tion, rounded and many-angled, in maize ; sharp-edged, with numerous

summits, in rice; with elongated nucleus, roundish or egg-shaped,
and exhibiting a star-shaped crack in the inner layers when dry, in

Leguminosce ; hollow, apparently cup-shaped, in the root-stock of Iris

florentina and allied species. b. Flattened lenticular. With or without

lamination, the nucleus being central or eccentric, sometimes roundish

or elongated, or with a star-shaped fissure, in the cereals. c. Flat

dish-shaped. With distinct lamination : in Zinziberacece. d. Bar-

shaped. With elongated nucleus : in the milky juice of European and
of some tropical Euphorbiacew. e. Quite irregular : in the milky juice
of many tropical Euphorbiacece. (Schleiden.)

3. Composite granules. a. The individual granules having no distinct

nucleus. United by twos, threes, and fours, in the simplest manner :

in the Marantacece (Arrow-root)-, in Marattea, and in the root of Bry-
on{a united, for the most part regularly, in groups of 2 6 : in the

root-bark of Sarsaparitta* b. The individual granules in the groups having
a distinct nucleus. United in groups of 2 4, cells of uniform size, with

small roundish nucleus : in the root of Janipha Manihot ; with large

nucleus, split in beautiful stellate form : in Colchicum bulbs ; composed
of 2 4 apparently cup-shaped nuclei : in the root of Anatherum
Iwarancusa ; of 2 12 granules in irregular groups : in the tubers of

Arum Maculatum. c. Small granules grouped round a large grain : in

the several kinds of sago. (Schleiden.)

On the structure of starch-grains in arrow-root, Dioscorea alata, Helianthus

tuberosus, batatas, potato and Orchidacce, see Payen (J. Chim. med. 2, 237) ; in wheat,

arrow-root Jatropha, sago, and Orchidacece (Guibourt, J. Chim. med. 5, 96) ; in

Bryonia (Riegel, Jahrb. Pharm. 6, 35), in rice (Lassaigne, J. Chim. med. 22, 4),

in Anemone nemorasa and Arum maculatum (Enz, Pharm. Vierteljah. 5, 97);
in various plants (Soubeiran, N. J. Pharm. 25, 89, and 175 ; Field, Pharm. J. Trans.

14, 253; Grundy, Pharm. J. Trans. 14, 446; Nageli Ueber die Structure der

Stdrkmehlkorner, 1858) ;
in the Trehala (Guibourt, Compt. rend. 46, 1215). On the

structure of starch-granules in the spleen and liver, see Carter, N. Ann. Chim. Phys.
56, 368; Rep. Chim. pure, 1 475. On the appearances exhibited by the starch-

granule when examined by the microscope in polarised light by means of a double

refracting prism, see Biot, Compt. rend. 5, 905 ; 18, 795. N. Ann. Chim. Phys.
11, 100).

The following table exhibits the greatest diameter of several kinds

of starch-granules, according to Payen (N. Ann. Sc. nat. Botan. 10, 65) :
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Starch from Millimetre.

Large Rohan potatoes . . . . 0-185

Menispermum palmatum (colombo-root) .. .. .. '180
Rhizomes of Canna gtgantea . . . . . . . . *175

Rhizomes of Canna discolor . . . . . . . . -150

,, ,, Maranta arundinacea (arrow-root) . . -140
Various kinds of potatoes . . . . . . . . -140

Bulbs of the lily -115

Tubers of Oxalis crenata . . . . -100
Stem of a very large Echinocactus erinaceus (imported) -075

Sago . . . . -070

Broad beans . . . . . . -075

Lentils -067

Haricot beans . . . . . . . . . 4 . . -063

Peas -050

Grain of White Wheat -050

Fresh pith of sago-tree (Cycadece) . . . . . . -045

Hyacinth-bulbs . . . . . . . . . . . . '045

Tubers of Spanish potato (Batatas edulis) . . . . -045

Corns of Orchis latifolia and bifolia . . . . . . *045

Maize (white, yellow, and violet) . . . . . . '030

Fruit of Chinese sugar-cane (Sorghum saccharatum) . . -030

Stem of Cactus peruvianus . . . . . . . . *030

Seeds of Ndias major . . . . . . . . . . *030

Stem of Cactus peresJcia grandiflora . . . . . . "0225

Seeds of Aponogeton distachyum . . . . . . . . *0225

Stem of Ginkgo biloba (Salisburia adianthifolia) . . . . "022

Cactus brasiliensis . . . . . . . . '020

Fruit of Panicum italicum. . .. .. .. .. "016

Half-grown seeds of Ndias major . . . . . . '016

Pollen of Globba nutans . . . . . . . . . . "015

Stem of Cactus flagelliformis . . .. .. . . '015

,, Echinocactus erinaceus (grown in hothouse) . . *012

Pollen of Rupia maritima .. .. .. .. 'Oil

Stem of Opuntia tuna and Ficus indica . . . . . . "010

Opuntia curassavica .. .. .. .. "010

Fruit of Panicum miliaceum (millet) . . . . . . '010

Stem of Cactus mammilaria discolor . . . . . . '008

Bark of Aylanthus glandulosa . . . . . . . . *008

Stem of Cactus serpentinus -0075

Parsneps . . -0075

Pollen of Ndias major . . . . . . . . . . "0075

Stem of Cactus monstruosus . . . . . . . . *006

Seeds of beet-root . . -004

Chenopodium Quinoa . . . . . . . . "002

The specific gravity of starch is 1-505 at 19-7. (Payen.) The
variations in its specific gravity are due to varieties in the structure

of the starch-granules. (Payen & Chevalier, J. Pharm. 9, 187.)
It has neither taste nor smell. Potato-starch, not arrow-root starch

(Pohl, ./. pr. Chem. 83, 40), has a peculiar smell, caused by its contain-

ing a certain quantity of a volatile oil (Payen, Compt. rend. 23, 489).
Neutral. (Guerin-Varry.) (Potato-starch turns vegetable reds

blue: Payen).
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Potato-starch.

Guerin-Varrv. Berzelius.
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Early formulae for starch : C"H13O12
, Berzelius ; C^H^'O 1

", Prout ;

Gudriu-Varry; more recent formulae: C 12H 10O 10
, Mulder; C laH l"O9HO, Payen.

The opinion which was expressed by Leeuwenhoek, as early as 1716, as to the difference

between the envelope of starch-granules and the substance contained within it, was con-

firmed by Raspail (N. Syst. de Chim. or//. 1833), who, however, considered the con-
tents as chemically different from the envelope of the starch-granules, and as identical

with gum arabic ; Guibourt (J. Chim.med. 5, 9(5) regarded both envelope and contents

as chemically the same and only differing in their state of aggregation ;
he named the

contents of the granules, which Raspail had called gum, fecule soluble, and supposed it

to be identical with the substance, called Amidin by Saussure (Ann. Chim. Phys. 11,

385) and Amidon modifie, by Caventou (Ann. Chim. Phys. 31, 337), which is formed,

according to the latter, when starch is boiled with water, or heated above 100 without

water. Guerin-Varry nevertheless concluded, from the behaviour of starch with water,
that it must contain three constituents, and called the portion soluble in cold water

Amidine, that which is insoluble in boiling water (the envelope) Amidine tegumentaire,
and that which by itself is insoluble in cold water, but is rendered soluble by the

amidine, Amidine soluble. According to him, starch consists of 2'96 p.c. amidine

tegumentaire, 38'38 amidine soluble, and 58'68 amidine ; the composition of amidine

tegumentaire and of amidine soluble corresponds to the formula C7H5O4
, that of

amidine fo the formula C10H5O G
,
and hence the composition of starch (Amidone}, which

consists of amidine and amidine soluble, must be represented by the formula C 17H 10O 10

= C 10H 5OG + C7H5O4
. Payen & Persoz (Ann. Chim. Phys. 5(5, 337) regard

starch (Amidone), excepting the envelope of the granules, amounting to 0'4 0'5

per cent., as a single substance, and Guerin-Varry's amidine as partially decomposed
amidone, his amidine soluble as amidone in the free state, and his amidine tegumen-
taire as amidone with the envelopes of the granules. Payen (iV. Ann. Sc. nat. Bot.

10, 201) recognises no chemical difference between the envelope and contents of

starch-granules, and ascribes the different behaviour of the outer and inner layers
to certain solvents, to the former containing a certain quantity of albumin, fixed

and volatile oil, lime-salts, and other matters. Wheat-starch contains, according to

Rousseau (Pogg. 32, 101), 0'005 O'OOG per cent., and potato-starch O'OOl per cent.

of a white tallow, easily soluble in alcohol; according to GuGrin-Varry, nothing but

chlorophyll and wax, and no volatile oil (Potato-fusel-oil), whose existence ready
formed in the envelopes of the granules was assumed by Payen (Ann. Chim. Phys.
53, 82; J. Chim. med. 9, 507). Comp. Dubmnfaut & Beudant. According to

Blondeau de Carolles, all the layers of the starch-granule are chemically the same,
but differ in density. According to Melsens (Inst. 1S57, 161), starch probably consists

of a nitrogenous substance (Dean found in the quoted analyses of various kinds of

starch 0*10 0'25 p. cent, nitrogen) and of a substance allied to cellulose, which

envelopes the starch strictly so-called ; according to N'ageli, it consists of two
distinct compounds, which form a sort of diffusion, and of which he names that

one which is soluble in saliva granulose, and regards the one which remains
undissolved as cellulose , the latter substance is, however, not cellulose according to

Mohl (Bot. Zeit. 1859, 225 and 233), who doubts the occurrence of this compound
in starch-granules at all.

Decompositions. 1. Starch heated to 160 is changed ( according to

Maschke, first into the modification soluble in hot water, then
) into

dextrin. (Vauquelin & others).
It becomes coloured and froths up as the temperature is raised,

and, if constantly stirred, yields a melted mass, which, at 220 230,
consists chiefly of pyrodextrin with a little unaltered and burnt starch.

(Gelis, N. Ann. CMm. Phys. 52, 388.) Starch dried at 100 remains

unchanged at 160, but, when heated for half an hour to 200, it

becomes brownish yellow, without appreciable loss of weight (in the
same way as undried starch at 160), for the most part soluble in water,
and its specific gravity rises to 1*555. Air-dried starch, heated in a
sealed tube to 200 for an hour, or starch heated in the air to 205 - 215,
is changed into a transparent, melted mass ; and when in this way the
maximum degree of solubility in water has been reached, it is entirely
converted into dextrin. (Payen.)
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Air-dried potato-starch, heated in a sealed tube in a water-bath for

a day, shows no outward alteration, but does not form a paste when
boiled with water ; and, when this solution is left to stand, the undis-

solved portion soon settles down. The filtered solution treated with
an equal quantity of alcohol of sp. gr. 0'833, yields a deposit, which, if

collected after some hours, the spirit being allowed to drain away
(while still moist, therefore (Kr.), constitutes Maschke's soluble

starch : a white, salve-like, sticky mass ; easily soluble in cold water,
and also in dilute spirit. When this substance is spread upon glass

plates, and exposed for some hours for the spirit to evaporate, it

contracts from loss of moisture, and then resembles coagulated albu-

min (in being a white, moist, somewhat elastic mass, but not sticky),
and thereby (or when completely dried, when it has the appearance of

a hard, transparent, yellow gum) loses its solubility in cold

water, but is still dissolved when boiled with water. (Maschke).
Air-dried starch, heated for half an hour to 210 214 in a sealed

tube, yields the same soluble starch and dextrin; starch, dried at

150, gives scarcely any thing but dextrin under these circumstances.

(Maschke.)
Wheat-starch dried at 100 loses in six hours, at 150 176, 2-3

p. cent, of its weight, and becomes pale yellow ; arrow-root, treated in

the same way, becomes darker yellow, and loses 1'38 p. cent. (Prout.)

Starch, heated somewhat above 100, acquires a reddish colour, smells

like burnt bread, and is converted into Saussure's amidine. (Caventou.)
If it is heated upon hot iron plates and moistened with water, each

granule is seen under the microscope to be in motion, and to draw
after itself a projecting streak of a substance soluble in water (Raspail),

which, however, consists of the contents of the granule already modified.

(Poggendorff, Pogg. 37, 116.)

2. Starch gives, by dry distillation, carbonic acid, carburetted hydro-
gen gas, water, acetic acid, and empyreumatic oil, and leaves a porous
cinder.

3. In the open fire, it becomes soft, swells up, evolves choking
vapours, and at last burns with a bright flame.

4. It is oxidized slowly by oxygen, more quickly by ozonized air,

yielding but little carbonic acid. The decomposition also takes place in

the absence of light, even below 0, also by the action of atmospheric
air. (Karsten, Berl.AJcad. Ber. 1860, 38; abstr. J. pr. Chem. 79, 226.)

Starch remains unchanged in ozone (Gorup-Besanez, Ann. Pharm. 110,
103 ; J. pr. Chem. 77, 407) ; but acquires a smell of apples. (Schonbein.)

By distillation with peroxide of manganese, sulphuric acid, and ivater,

it yields carbonic acid, aqueous formic acid (Wohler, C. G. Gmelin), and
furfurol (Comp. vii. 273 andx. 370.)

5. Starch is converted by heating with water, first of all into paste
(see combinations}, the granules swelling up, and this by longer heating
in the water-bath is transformed into soluble starch and a small quan-
tity of dextrin (Maschke), completely into dextrin at 150 (Mitscherlich,

Pogg. 55, 221), at 160 (Jacquelain), in general by long boiling (Payen),
and at last into sugar. (Jacquelain.) Starch remains unaltered for

four months in water free from air and protected from the air at 16,
but makes the water acid, and acquires a peculiar smell if air has
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access to it (Guerin-Varry) ;
in contact with water at 45 for two days,

it evolves carbonic and acetic acids (Edwards & Colin) ; pure starch
evolves nothing, commercial starch only carbonic acid. (Guerin-Varry.)

According to Cavcntou, starch is partially converted into soluble
amidin by boiling water, or by water at 60 70, and is transformed

by continued boiling into starch-gum.
According to Guerin-Varry, when it is boiled from a quarter of an

hour to an hour with 100 200 parts of water, amidine tegumentaire
remains behind, while amidine soluble and amidine are dissolved, the first

of which remains as a residue insoluble in cold water when the solution

is evaporated. For the rest, amidine, which is easily and completely
soluble in cold water, producing a slimy liquid, resembles starch, and
has, according to Biot, a stronger dextro-rotatory power than cane-

sugar. The amidine soluble, which remains dissolved through the

agency of the amidine, possesses, after it has been separated again, all

the properties of amidine tegumentaire ; both resemble cellulose in pro-

perties and composition, but are not identical with it. (Guerin-Varry.)
According to Payen, when powdered starch is boiled with water,

one part of its constituents is disaggregated and made more soluble

than another ; the less coherent parts dissolve first, then the more
solid ; when the maximum of solubility is reached, the formation of

dextrin sets in. (PayenJ
The starch of the Trehala remains unaltered by half an hour's

boiling with water ; after not less than two and a-half hours' boiling it

is converted into an irregularly formed mass. (Guibourt, Compt. rend.

46, 1213.)
A solution of starch in 500 parts water, prepared by boiling for 36

hours, remains unaltered on standing. (Jacquelain.) If it be boiled for

one hour with 80 parts water, the neutral solution obtained yields a

deposit on standing in the air, becomes again turbid after 5 days, milky
after 7 days ; divided envelopes (of the starch-granules) may be seen
in it after 14 days ; after 8 months it becomes sour, smells like decay-
ing cheese, and leaves on evaporation a residue soluble in water.

(Guerin-Varry.) If starch is boiled with water for four days and the

filtrate evaporated, soluble bitter gum remains behind, (Vogel, Ann.
Chim. 82.) Starch heated to 140 with ^ its weight of water, be-

comes coloured and soluble in water (Jacquelain) ; heated for half an
hour to 140 with 7 parts water, it forms a mucilaginous solution.

(Payen, Comp. also Jacquelain, Ann. Chim. Phys. 73, 167.)
When it is heated with water in a Papin's digester to nearly 200,

the solution contains only a little grape-sugar, but much brown bitter-

sweet saccharic acid. (Gmelin.)

6. Starch distilled with sulphur gives off hydrosulphuric acid and

combustible gases, and a metacetone-like liquid, but no definite sul-

phur-compound distils over. (Hlasiwetz, Wien. Akad. Ber. 5, 184.)
Monosulphide of potassium and sulphide of calcium act in the same way,
(Hlasiwetz.)

7. Chlorine gas, either dry or moist, does not act on starch either at

the ordinary temperature or at 100 ; when it is exposed under water to

the action of chlorine for 8 hours, only -fe is decomposed with evolution

of carbonic acid. (Liebig, Pogg. 15, 570.) Gum behaves in the same

way. (Liebig.) Starch deliquesces/ by absorbing chlorine gas, to a brown sub-

G 2
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stance containing hydrochloric acid, and evolve? carbonic acid. (Bouillon-Lagrange &
Vogel.) By distillation with hydrochloric acid and peroxide of manganese
it yields chloral (ix. 202) also carbonic arid formic acids, in quan-
tities depending on the proportions of the materials, together with

pentachlorinated propionic aldehyde (ix. 400), yellow oil and resinous

matter. (Stadeler, Ann. Pharm. 61, 101 ; Handw. d. Chem. Suppl.

1853, 796.) Starch is but slowly decomposed by hypochlorites. (Liebig.)
Yields formiate of lime when heated with 1 part chloride of lime and
3 parts water ; but is entirely decomposed into carbonic acid and water
if the chloride of lime does not contain any hydrate of lime. (Bastick,
N. J. Pharm. 14. 20) Woody-fibre behaves in the same way. (Bastick.)

8. In the action of nitric acid upon starch, we have to distinguish
between three different processes : a. Formation of Xylo'idin ; b. For-
mation of Soluble Starch and Dextrin ; c. Formation of Oxalic Acid.

a. Cold concentrated nitric acid (sp. gr. 1*52) dissolves starch with-

out evolution of gas ; water added to the solution precipitates xyloidin
as a white powder. (Braconnot, Pelouze.) If water is added imme-

diately, nothing remains dissolved ; but if the solution is allowed to

stand, it gives with water less and less xyloidin, and at last none,
while a substance resembling saccharic acid remains in solution. (Pe-
louze, Compt. rend. 7, 713.)

b. If starch is mixed with its own weight of concentrated nitric

acid and twice its weight of ordinary nitric acid (N0
5
,4HO) and allowed

to stand for 24 or 30 hours at the mean temperature, or if it is mixed
with enough common nitric acid to form a thick mud, and heated in the

water-bath until red fumes are evolved, disorganised, insoluble starch is

at first produced, then starch soluble in hot water, and lastly starch

soluble in cold water. (Bechamp.) Starch that has been moistened
with T

2
p. c. nitric acid and water, and then allowed to dry spon-

taneously, yields dextrin when heated. (Payen.) A mixture of starch

with 2 p. c. nitric acid and 4 p. c. water, dried at first in the air, after-

wards in a water-bath, gives with 5 parts of warm water a solution

which solidifies to a jelly like lichenin on cooling, and yields sugar when
boiled with acid. (Mitscherlich, Pogg. 55, 121.)

c. Hot nitric acid, either concentrated or dilute, employed in excess
evolves nitrous gas and forms oxalic acid. (Scheele, Vauquelin) ; to-

gether with malic and acetic acids. (Scheele.) 8 parts of nitric acid of

sp.gr. 1-34 produce 36*81 p. c. of crystallised oxalic acid. (Guerin-
Varry.) Hypo-nitric acid acting on starch neither evolves gas nor pro-
duces oxalic acid. (Bouijs-Ballot, J. pr. Chem. 31, 211).

9. Oil of vitriol or dilute sulphuric acid converts starch into soluble

starch, sulphamidonic acid, dextrin, and sugar. Heated oil of vitriol

chars and destroys it, evolving sulphurous acid.

a. If starch is mixed with oil of vitriol so as to avoid heating,
iodine no longer indicates its presence in the mixture (which is at first

yellow, then reddish-yellow) when it has stood for half an hour or two
hours. Sulphamidonic acid is produced, of varying composition ac-

cording to the quantity of oil of vitriol and the duration of the action.

(Fehling.) Soluble starch is formed by half an hour's action of oil of
vitriol on starch. (Bechamp.)

Concerning sulphamidonic acid, see below. SausSUTC, by warming 1 part
of starch with 3 parts oil of vitriol previously dilated with 36 parts
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water, and precipitating the solution with alcohol, obtained crystals
mixed with starch, which, after washing with spirit, were dissolved in

a small quantity of water, reproduced by spontaneous evaporation, and
freed;.from adhering- sulphuric acid by means of alcohol. These cry-

stals, Saussure's sulphate of starch, dissolve in water with separation
of a little starch, which is coloured red by iodine. Fritzsche did not

succeed in obtaining them.
b. Starch warmed with dilute sulphuric acid, loses its organized

structure without dissolving ; it is next gradually changed into soluble

starch, and then still further into dextrin. This last is finally partly
converted into sugar. (Bechamp.) The unferrneiitablc substance
itself seems to be composed of two bodies having a slight rotatory

power. (Bechamp.)
The formation of sugar in this way was discovered by Kirchhoff.

Sugar and dextrin are direct products of the metamorphosis of starch,
and are simultaneously formed ; for the formation of sugar proceeds
quickly, as long as unaltered starch is present ; slowly, when the acid

solution is no longer coloured blue by iodine. 1 At. sugar is produced
for every 2 At. dextrin. (Musculus, N. J. Pharm. 37, 419 ; Chem.
Centr. 18GO, (jQ'2.Compt. rend. 54, 194; Zeitschr. Ch. Pharm. 5, 169.)

The formation of sugar takes place without alteration in the form
of the starch-granules, of which only the actual starchy matter is

decomposed. (Melsens, Inst. 1857, 1861.) It takes place also when
the air is excluded and without evolution of gas (Vogel) ; when air

is excluded, but with the evolution of a small quantity of carbonic

acid (Dobereiner, Schw. 5, 281). The quantity of "sulphuric acid

remains unaltered by it, but the starch takes up water. (Saussure.)
The formation of sugar is complete if 100 pts. starch are boiled :

(1) for some days with ^ pt. oil of vitriol, and 300 pts. water ; (2) for

36-40 hours with 1 pt. oil of vitriol and 400 pts. water; (3) for 20
hours with 2J pts. oil of vitriol and 400 pts. water ; (4) for 7-8 hours
with 10 pts. oil of vitriol and 600 pts. water. (Kirchhoff.) Water
containing p. c. oil of vitriol does not produce any sugar from starch

at a temperature of from 38 to 50 even after three weeks. (Daniell
Ann. Chim. Phys. 10, 219.) 100 pts. starch afford 120 pts. syrup
or 90 pts. sugar (Kirchhoff); 110*14 pts. sugar dried at 100 (Saussure);
91-52 to 115-7 pts. sugar (Guerin-Varry) ; 104-01 pts. (Brunncr,
Fogg. 34, 319.)

Starch granules treated with cold dilute sulphuric acid show no
alteration under the microscope ; with stronger acid, they swell up ;

still stronger acid causes a jelly to separate, at first at only one point,
but afterwards the whole changes to a jelly in which the envelopes
can no longer be seen ;

still stronger acid forms a clear solution.

(G uibourt.)
The action of \ pt. oil of vitriol and 2-8 pts. water upon starch at

60 causes only a few of the granules to break up; at 75 they are for

the most part converted into a jelly which solidifies on cooling, and
contains envelopes, some of which are partly, others entirely, opened,
also entire granules diffused through a white, powdery mass. At 90
the jelly no longer solidifies on cooling; almost all the granules are

burst ; and the liquid filtered at 92 or 100 leaves the torn envelopes
on the filter, cemented together by dextrin : cold water extracts

nothing from them ; hot water gradually dissolves out the dextrin.

(Biot Persoz.) To make all the granules burst, water containing
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30 p. c. sulphuric acid must be used. (Payen.) Starch warmed with

J- pt. oil of vitriol and 10 pts. water forms a paste at 70 ; becomes

quite fluid again at 90, but, if quickly cooled, solidifies to a jelly, which,
after washing with alcohol and drying, is insoluble in water and does
not form paste, but by continued heating finally becomes quite fluid,

with the exception of y
1

^, and forms a horny mass when dry.
When starch is heated to 100 with dilute sulphuric acid, the liquid

still gives at first a blue colour with iodine : after half an hour iodine

colours it violet ; after 45 minutes, violet red ; after 75 minutes, dark
red ; after 105 minutes, reddish brown

; after 135 435 minutes pale

yellowish brown. With alcohol, it gives at first a large precipitate, and,
as the heating is continued, a smaller and smaller one, so that after 75

minutes, only a turbidity is produced, and after 135 minutes, no visible

precipitate. The first precipitate is quite insoluble in water ; those

produced afterwards are more and more soluble (soluble starch) in

proportion to the length of time the liquid has been heated. The

rotatory power of the liquid also diminishes as the heat is continued :

after 10 minutes [a] = 216 to the right ; after 15 minutes, 210'8 ;

after 20 minutes, 204-3 ; after 30 minutes, 196-9 ; after 45 minutes,
179-8 ; after 75 minutes, 167'6 ; after 105 minutes, 143'6 ;

after

135 minutes, 131-8; after 165 minutes, 96'3 ; after 195 minutes,
96-1; after 255 minutes, 76'5 ; after 315 minutes, 73'7 ; after 435

minutes, 73*7 to the right, and remains constant if heated for a longer
time; it is thus greater than the rotatory power of grape-sugar
( [a]

= 6 6 "3 to the right) since the solution contains, besides the latter

substance, a second optically active body, not further decornposible by
acid. (Bechamp.)

If 1 part of potato-starch is heated for an hour in a water-bath
with 2 pts. alcohol of sp. gr.

-833 and a little oil of vitriol, the spirit
then poured off, and the starch which lies at the bottom thoroughly
washed out with water, it does not outwardly appear to have under-

gone much alteration, but when triturated with cold water, it imparts
to the latter an organic acid, and gives a perfectly clear solution when
boiled with water. The solution prepared with from 4 to 6 parts of

water, solidifies to a jelly on cooling. Starch treated as above consti-

tutes Maschke's artificial lichenin, or modified starch, which is

insoluble in cold, but soluble in hot water, and is coloured blue by
iodine. The distillate obtained by boiling potato-starch with dilute

sulphuric acid contains fat. (Comp. Payen, Compt. rend. 23, 337;
Rousseau, Fogg. 32, 201.)

By distilling starch (also gum or woody fibre) with oil of

vitriol (phosphoric acid or chloride of tin), a volatile oil is obtained,
and then formic acid (sulphurous acid? Gm.), the mass becoming
carbonised. (Emmet, Sill. Ann. J. 32, 140; J. pr. Chem. 12, 120.)

a. Nitrosulphuric acid converts starch into an explosive compound
corresponding to, or identical with, gun-cotton. (De Yrij, Compt. rend.

24, 19 ; comp. also Payen, Compt. rend. 24, 87.)

10. Phosphoric acid does not change starch into sugar.

(Kirchhoff.)

11. Dilute aqueous hydrochloric acid converts starch into sugar.
(Kirchhoff.) Potato-starch, and also rice-starch (Scharling) when
boiled with water containing hydrochloric acid, evolves, even after
several days, when a-gain heated, a smell of formic acid. Arrow-root
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does not emit this odour under the same circumstances (Schmidt, N. Br.

Arch. 19, 195), so that an admixture of 15 p. c. potato-starch in arrow-

root-starch may be thus detected. (Oswald, N. Br. Arch. 40, 166.)
Potato-starch gives with 1/5 or 2 pts. concentrated hydrochloric acid, a

tough, almost transparent mucilage, which smells of formic acid;

rice-starch gives a similar product, but turbid ; with dilute hydrochloric

acid, potato-starch gives in 2 or 3 minutes, rice-starch in 25 or 30

minutes, and rice -starch containing 25 to 30 p. c. potato-starch, with

hydrochloric acid of 13*5 B., in 40 or 50 seconds a tough mucilage.

(Scharling, Ann. Pharm. 42, 272.)

12. Oxalic acid converts starch into sugar. (Kirchhoff, Converchel.)
The conversion of 1 pt. starch into sugar requires 0'005 pts. oxalic

acid, 1 to 12 pts. water, and that the mixture be heated to 130 for

2 hours. Starch heated to 130 with 0'005 pt. oxalic acid and 5 pts.

water is converted in 20 minutes into granules defecule; after an hour
it is changed into dextrin, with which iodine gives a purple-red colour,

and after two hours into dextrin which is no longer coloured by
iodine. (Jacquelain.) 13. Starch heated for an hour to 125 with
i

pt. tartaric acid (or malic acid) and 5 pts. water is changed into gum
(dextrin?). (Couverchel, /. Pharm. 7, 267.)

14. Glacial acetic acid leaves starch unaltered (Fritzche, Payen,
N. Ann. Sc. not. Bot. 10, 161), even on boiling (Persoz, Compt. rend.

17, 1067); by several hours heating to 100, the same acid renders it

partially soluble in cold, and partially soluble in hot, water (Bechamp) ;

in 50 or 60 hours at 180, it forms, with elimination of water, a

small quantity of a compound similar to, or identical with, aceto-

glucose. (Berthelot, N. Ann. Cliim. Pliys. 60, 100.) The solution

obtained by heating starch with moderately concentrated acetic acid

to 100 for 3 hours, contains, even after being heated for 28 hours,

nothing but soluble starch, and has lost but little of its rotatory

power. A solution in acetic acid containing 4 at. water loses, by
being heated to 130 for 12 to 28 hours, 52 [a] of its rotatory power

also the property of giving a blue colour with iodine, and a precipi-

tate with alcohol; it also leaves on evaporation an unfermentable

residue. (Bechamp.) Aqueous acetic acid produces with starch,

first dextrin, afterwards sugar (Persoz), no sugar (Kirchhoff ; Biot,

Compt. rend. 17, 1067), and, after boiling, the starch-granules appear
under the microscope to be covered with smooth needles (loosened
and separated layers of the granule). (Fritzsche.) In general, warm
dilute mineral acids and organic acids remove from the starch-granules
their starch properly so called, which turns blue with iodine, without

however altering their form or structure. Granules which have been
thus treated are merely coloured yellowish or reddish by iodine-

water ; but if moistened with iodine-water, and afterwards carefully
with oil of vitriol, they are coloured blue, and in the latter case retain

their form. (Melsens, Inst. 1857, 160.)

15. Starch slowly absorbs gaseous fluoride of boron at the ordinary

temperature, and liquifies without becoming coloured.

16. Starch heated in a sealed tube with strong aqueous
to 150 for several days, yields a solid, brown, gummy, deliquescent

mass, having a bitter taste, easily decolorised by animal charcoal, and
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precipitable from its solutions by tannin. It smells like roast meat,
does not evolve ammonia by contact with solution of potash or

hydrate of lime, but when fused with solid potash, yields as much as

corresponds to
2-J-

to 3 p. c. nitrogen. (Schutzenberger, Zeitschr. Ch.

Pharm. 4, 65 ; comp. also P. Thenard, Compt. rend. 52, 444
; Hep. Chim.

pure, 3, 207.)

17. Starch heated to a temperature much below redness with 4 or

5 times its weight of potash-hydrate and a little water swells up, and
forms oxalatc of potash, with evolution of hydrogen (Gay-Lussac;
corcp. ix. 112), at the same time yielding carbonate, formiate, acetate, and

propionate of potash, and in general the same products as cane-sugar

yields under similar circumstances. (Gottlieb, Ann. Pharm. 52, 121.)
When starch is boiled for several hours with strong

1

potash-ley, it

gives at first a thick and afterwards a fluid paste, from which alcoho1

precipitates disorganised starch. This cannot be freed from alkali by
washing with spirit, but may be obtained free from alkali by neutral-

ising the alkaline solution with acetic acid before precipitating witli

alcohol. It is but slightly or not at all soluble in boiling water,
becomes therewith translucent without forming a paste, and turns

blue with tincture of iodine. Rotatory power [a] = 211 to the right.

(Bechamp.) Starch digested for 12 hours at 50 or GO with 5 p. c.

potash-ley yields dextrin. (Payen.)
Starch gives with potash-ley an opalescent solution, which does

not gelatinise (Schmidt, Ann. Pharm. 51, 31), and has no rotatory

power (Ventzke, J. pr. Chem. 25, 65). Potato-starch gives in
-J-

a

minute with pt. potash-hydrate and 12 '75 pts. water, a very thick

turbidly translucent, wheat-starch, in half an hour, a milky,

opaque jelly ; arrow-root, a permanently fluid mixture ;
the starch of

the bryonia, immediately, a very thin, pale yellow, clear jelly ; kidney-
bean-meal, a greenish yellow, opaque, thin, rnanjok-meal, a thick,

slightly translucent, mucilage, with which are mingled swollen-up

granules. (Mayet, N. J. Pharm. 11, 81 ; J. pr. Chem. 40, 435.) In

contact with a solution of 0'018 to 0'020 pt. potash-hydrate in 10 to

15 pts. water, wheat-starch remains unaltered; arrow-root forms a very
turbid, and bean-starch a translucent, solid jelly. (Payen, Compt. rend.

48, 775.) Starch-granules, which are insoluble in very dilute

potash-ley, swell up in somewhat stronger ley (2 p. c., Bechamp), and
at last dissolve without previously bursting. (Guibourt.) When
alcoholic potash at 100 is poured over them, an air-bubble become!-;

apparent inside them, and does not disappear if the granules lie in the

liquid for weeks ; but when water is added, they absorb it and swell

up greatly, so that, without the bubble of air having escaped, the

space it occupied becomes invisible. (Fritzsche.) Since the envelopes
contain nitrogen, starch-granules evolve ammonia when fused with

potash-hydrate. (Jacquelain.)

18. Starch deflagrates when fused with saltpetre and potash-hydrate,

forming a small quantity of alkaline cyanide. (Koussin, Compt. rend.

47, 875.) It is not altered by permanganate of potash. (E. Monier,

Compt. rend. 46, 425 ; J. pr. Chem. 73, 479.)

19. Soda-hydrate decomposes starch in the same way as potash-

hydrate. (Bechamp.) Starch-granules swell up in dilute soda-solution

(containing 2 p. c. of soda-ley of 35 B) to 100 times their original bulk
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without bursting ; less concentrated soda-solution, than is required for

old starch, suffices to make fresh starch granules, or such as have
been dried over sulphuric acid in vacuo, at 120, swell up. The

presence of ammonia-salts prevents the swelling up. (Payen.)
Starch yields less oxalic acid when heated with soda-hydrate, than

it does with potash-hydrate. (Possoz.) In like manner, a mixture of

1 pt. soda with
^-, |, or a smaller quantity of potash, produces less

oxalic acid than potash alone ; but 1 pt. soda mixed with 2 or 3 pts.

potash, produces more than is produced by potash alone. (Possoz.)

20. When an intimate mixture of starch with 8 pts. quicklime is

cautiously distilled, it froths up greatly, and yields an oily distillate

containing metacetone, and in smaller quantity, acetone (Fremy, Ann.
Chiiu. Phys. 59, 6

;
Ann. Pharm. 15, 278).

21. Chloride of zinc converts starch into disorganised starch ; by
ebullition, into soluble starch, not into dextrin. (Bechamp.) With
10 pts. of an aqueous solution containing 25 p. c. of fused chloride of

zinc, starch gives immediately a thick paste, which does not liquefy on

heating, but becomes fluid if heated for 12 or 18 hours in a water-

bath, and from which alcohol precipitates disorganised starch ; if,

however, it has been boiled over the naked flame for 2 or 3 hours,
alcohol precipitates dextrin from it. (BechampJ

22. When triturated in the cold, or when heated with aqueous
bichloride of tin, it forms a compound intermediate between sugar and

dextrin, or between gum and sugar, the composition of which is

represented by the formula C 24II23 23
(v. Payr, Wien. AJcad. Ber. 21,

269; J.pr. Chem. 69, 425.)
Starch triturated with aqueous bichloride of tin, and filtered from

the slight residue which remains, gives, on addition of absolute alcohol,
a white precipitate, which, after being washed with absolute alcohol and
dried over oil of vitriol, contains, according to v. Payr, C60HW 64

,
8Sn03

.

If the mixture is heated to 100, alcohol causes a precipitate whose

composition, when dried at 100, is represented by C24H28 28
, 7Sn0

2
.

The first precipitate, suspended in water and decomposed by hydrosul-

phuric acid, yields bisulphide of tin, and a transparent, colourless liquid,
which leaves, when evaporated in vacuo, a white pulverisable mass.

This product is easily soluble in water, is not altered by iodine, and is

changed into sugar when boiled with dilute mineral acids, (v. Payr.J

White substance.

v. Payr.

24 C 41-02 40-90

23 H 6-55 6-67

23 O 52-43 52-43

C24H23Q-23 100-00 100-00

Tin-salt. v. Payr. Tin-salt. v. Payr.

a. 6.

60 C 23-43 .... 23-30

64 H 4-18 .... 4-14

64 O 33-33 .... 33-98

8SnO2
. ,

39-06 .... 38'58

24 C 15-64 .... 15-50

28 H 3-04 .... 3-18

28 O 24-34 .... 24-24

7SnO2
.. , 56-98 . 57'08

C'HwO 4,8SnO
a

.... 100-00 .... 100-00 OMH2sO>:8,7SnOa
.... 100*00 .... 100-00
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23. Starch heated for a long time with aqueous osmic acid, yields
carbonic acid, oxalic acid, and a peculiar acid whose ammonia-salt is

soluble in alcohol. (Buttlerow, J. pr. Chem. 56, 271.)

24. Aqueous soluble Prussian blue is decolorised by starch (Vin-

cent); by potato-starch only, not by wheat-starch (Wach, Schiu.

51, 444), because the latter contains glutin. (Bottger, J. pr. Chem.

10, 110).

25. Starch heated with Cinchona-alkaloids evolves red vapours, which
condense to a red liquid. (Batka, Chem. Centr. 1859, 865.)

26. In contact with diastase, at 65 80, starch is converted into

dextrin and grape-sugar, starch-granule envelopes which are no longer
coloured blue by iodine remaining behind. (Payen & Persoz.) Accord-

ing to Payen, dextrin is formed first, and is subsequently changed into

sugar; according to Balling, dextrin, dextrin-gum, and dextrin-sugar
are formed one after another (Gahrungs-cliemie, Prag, 1845. 2, 15.)
Starch splits up, according to Musculus (N. J. Pharm. 37, 419 ; Chem.

Centr. 1860, 602,Compt. rend. 54, 194; Zeitschr. Ch. Pharm. 5, 169)
into 2 at. dextrin and 1 at. sugar, the first formation of the latter not

being due to further alteration of the dextrin.

The transformation of starch into dextrin and sugar by means of

diastase takes place without any change of volume, also in vacuo, also

at the common temperature ; by using starch-paste also at (Gkierin-

Varry) ;
without previous formation of gum (Trommer, Ann. Pharm.

,

39, 360) ;
without evolution or absorption of gas. (Payen.) It is

hastened by increasing the quantity of water (Dubruufaut) ; by previous

gelatinisation of the starch (Payen); and is complete in 3 hours at 70

80 with 1 pt. starch, 10 pts. water, and 0*005 pt. diastase. (Payen.)
It is arrested by heating to ebullition (Payen) ; not interfered with by
the presence, for every 100 pts. starch, of 1 pt. green vitrol, glacial
acetic acid, formic acid, prussic acid, creosote, ether, sulphate of quinine,

sulphate of morphine, oil of turpentine, of lemons, of anise, of cloves,
or of mustard ; it is slightly hindered by bicarbonate of soda, iodide of

potassium, calomel, cyanide of mercury, sulphate of soda, sulphate of

magnesia, acetate of lead, arsenious acid, arsenite of soda, and alum
; it

is much hindered by quicklime and magnesia; it is entirely prevented by
tannin (Payen), bromine, soda, sulphuric acid, nitric acid, hydrochloric
acid, oxalic acid, phosphoric acid, nitrate of silver, corrosive sublimate,
and sulphate of copper. (Bouchardat, Compt. rend. 20, 107 ; abstr.

N. Ann. Chim. Phys. 14, 61) ; it is not interfered with by small

quantities of the alkaline carbonates, of acids, or of various neutral salts.

(Payen & Persoz.) Diastase can render liquid 60 times more starch

than can oil of vitriol (Payen & Persoz) ; it can render liquid 2,000
times its own weight of starch, and in 2 hours can liquefy starch-

paste mixed with chloride of sodium, even at 5 or 9, without
however converting it into sugar. (Gruerin-Varry.)

The transformation of starch into sugar by malt (Kirchhoff), and
also during the germination of grain (Saussure), is likewise due to

diastase, the quantity of which becomes greater and greater as the

germination of the grain proceeds, whereas dextrin arid sugar are

consumed. (Payen.) The formation of sugar in the germination of
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wheat, caused, according to Saussure, by a mucilaginous substance
contained in it, takes place more slowly when air is excluded, and not
at all in vacuo, in which case acetic, formic, lactic and carbonic acids and
alcohol arc produced. Concerning the action of diastase upon starch, see Traube

(Pogy, 103, 331 ; N. Br. Arch. 96, 55).

Under the microscope, it can be seen that the envelopes of the

starch-granules are not opened by the action of aqueous diastase upon
starch, and hence that diastase acts by eridosmose and causes the forma-
tion of sugar in the interior of the granules even at common tem-

peratures ; at 75 the envelopes are torn open, and the action of the

diastase is more energetic. (Dutrochet, Ann. Sc. Nat. 30, 354.) No
change in the form of the starch-granules takes place, it being only
the starchy matter strictly so-called that is decomposed. (Melsens,
Inst. 1857, 161.)

If the diastase-solution is heated to at least 54, the granules burst

without tearing, and the diastase then acts, not through the envelopes
of the granules, but directly upon their contents ; it can produce sugar
only from starch-paste, not from entire starch-granules, and cannot,

therefore, cause the formation of sugar from starch in germination.

(Guerin-Varry.)
The quantity of sugar produced from starch by means of diastase

depends on the quantity of diastase, the duration of its action, the

quantity of water, and the temperature. 100 pts. starch boiled to a

paste with 1000 pts. water, and warmed to 70 75 for fifteen hours
with 1*7 pt. diastase, gave 17*58 pts. sugar; 100 pts. starch, heated
for an hour to GO 65, with 3900 pts. water and 6*13 pts. diastase

in 40 pts. water, gave 86*91 pts. sugar; 100 pts. starch boiled to

a paste with 1393 pts. water, mixed with 12*25 pts. diastase in 367

pts. water, and kept at 20 for 24 hours, gave 77*64 pts. sugar; the
same mixture in 1 hour at yielded 11*82 pts. sugar (Guerin-Varry).
100 pts. starch with 25 pts. barley-malt and 4500 pts. water, yield
90 pts. sugar ; the use of more malt does not increase the quantity of

sugar. (Dubrunfaut.^)
The examination of the products of the action of diastase upon

starch at 70 75, as soon as iodine no longer indicates the presence
of starch, or when the diastase has acted still longer, always shows
that sugar and dextrin are present in the proportion of 1 at. to 2 at.

(Musculus.) It appears, therefore, that the transformation of starch

by diastase does not consist in the formation first of an isomeric sub-

stance, dextrin, and the subsequent conversion of this substance into

glucose by assumption of water, but in the resolution of 3 at. starch
= 3C 12H10 10

,
with assumption of 2110, into 2 at. dextrin = 2C 12H10 10

and 1 at. glucose C 12I112 12
. (Musculus, Compt. rend. 54, 194 ; Zeitschr.

Ch. Pharm. 5, 170.) Erlenrneyer (loc. cit.) regards this transformation

as, perhaps, showing that starch, dextrin, and glucose are represented
respectively by the formula) C36H30 30

,
C24H20 20

,
and C 12I112 12

,
and

consequently that starch and dextrin are not metameric but polymeric
with each other.

27. In contact with glutin, at a moderately high temperature, starch

is converted into gum (dextrin ?) and sugar. (Kirchhoff.) Glutin
renders starch-paste fluid, and causes the formation of sugar. (Bou-
chardat, Compt. rend. 20, 107 ; N. Ann. Chim. Phys. 14, 61.)
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In the fermentation which takes place when starch is left in

contact with glutin under water, butyric acid (x. 76), carbonic acid,

and hydrogen are formed. (Erdmann & Marchand, J. pr. Chem.

29, 466.)

28. Saliva transforms starch into dextrin and sugar (Handbuch*
viii. 19). (Miahle, Compt. rend. 20, 1485; 22, 252. Lassaigne,
J. Chim. med. 21, 305 & 359; Compt. rend. 20,1347.) At 40 50
saliva leaves starch-granules apparently unaltered, but extracts from
them the true starchy matter (granulose), and leaves a residue of

cellulose. (Nageli.) Pepsin deprives starch-granules of the substance
which turns blue with iodine, but does not change their form or

structure ; the granules which remain are coloured by iodine-water
from pale yellow to red, but are again coloured blue without change of

form, when moistened with iodine-water and then cautiously with sul-

phuric acid. (Melsens, Inst. 1857, 161.)

29. Starch-paste is transformed into sugar by beer-yeast (Bou-
chardat) ; by animal gelatin (Kirchhoff, Matthieu de Dombasle), by
fresh, dry, powdered, or decaying gelatin (Bouchardat) ; by the

gastric juice when it contains saliva, not when pure (Handbuch, viii. 21),

by the pancreatic juice (Handbuch, viii. 82 & 99) (Lassaigne, Compt. rend.

20, 1350; J. Chim. med. 21, 309); by the substance of the kidneys

(Marchand, N. Br. Arch. 52, 195 ; Pharm Centr. 1847, 491); by animal

mucous membrane (Handbuch, viii. 82), urine, bile, semen, serum of
blood, and animal tissue; by watery infusions prepared at 40, from
the heart, brain, lungs, liver, kidneys, spleen, and muscles, (Magendie,
Compt. rend. 23, 189; abstr. N. J. Pharm. 11, 40. (Handbuch,
viii. 21.)

Combinations, a. With Water. Commercial or air-dried starch
retains water mechanically adhering, but no combined water; it

retains no water at all when dried at 100. (Mulder.) Starch from
cereals contains 13'66p. c. water, and potato-starch 16*41 p. c. at 22
and 88 of the hair-hygrometer (Saussure) ; air-dried wheat-starch
contains 12*5 p. c. water (Prout), 14'2 17*8 p. c. (Wolff, J. pr. Chem.

71, 86) ;
arrow-root 18*2 p. c. ; air-dried starch 28 p. c. (Guerin-Varry),

21-55 p.c. (Mulder, J. pr. Chem. 15, 300).
Starch does not dissolve when shaken up with cold water, but

partially when continuously triturated with it. In hot water it swells

up and forms paste. The formation of paste with hot water

depends on its organised structure, but its insolubility in cold water
does not. (Bechamp.)

Starch absorbs water when exposed to moist air. The absorption
of water occurs in stoichiometrical proportions, and takes place very
quickly with starch that has been previously dried at 150, so that the
starch-granules are in part torn open. (Payen.)

If Quantities of water absorbed, according to Nossian (J. pr. Chem.

83, 41), by 100 pts. of various kinds of starch, when exposed to moist

air, after previous desiccation at 100 :

* The word " Handbuch "
refers to the last German edition of this work.
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Variety of starch.
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friction. According to Wicke (Pogg. 108, 359) nothing is dissolved,
and the filtrate merely holds starch in suspension.

Guibourt calls the aqueous starch which is held in solution fe'cule

soluble, and regards it as the constituent of the inside of the starch-

granule, and as identical with Raspail's gum, Saussure's amidin, and
Caventou's amidon modifie ; according to Guerin-Varry, it is amidine

mixed with amidine soluble, which it causes to be dissolved; Payen
names it amidon, and Delffs amylogen.

The solution is clear and deposits nothing ; no solid particles can
be detected in it by the microscope ; it gives a precipitate with alcohol

(Jessen), and turns blue with iodine. A small quantity of iodine

causes only a temporary blue coloration, because the iodine becomes

hydriodic acid after a time ; more iodine, however, colours it perma-
nently blue. (Jacquelain.) The solution prepared from wheat-starch
colours tincture of iodine pale yellow or reddish yellow, that prepared
from potato-starch gives a dark blue colour under similar conditions.

(Redwood.) The solution from potato-starch turns blue, while that
from wheat-starch is not coloured at all, because the starch-granules
of the latter are surrounded by gluten (because they are smaller than
those of potato-starch, Gin.), a property which makes it possible to

detect 5 p. c. of potato-starch in wheat-starch. (Martins, N. J.

Pharm. 11, 322.) The solution concentrated by evaporation is gummy
and gelatinous when cold, and, after three days, forms an opaque mud ;

it dissolves partially in cold water, leaving behind an opaque jelly,

which, when diluted with water, deposits a white powder, soluble in

hot water. (Guibourt.) The solution evaporated to dryness leaves a

residue (transparent scales : Jacquelain) which is only partially
soluble (scarcely soluble : Jacquelain) in cold water (Guerin-Varry,

Payen), and also only partially soluble in boiling water, leaving behind
translucent husks resembling the envelopes of the starch-granules.

(Guibourt.) The insoluble portion (amidine soluble) amounts to 38*29

p. c. ; the soluble portion (amidine) to 61*71 p. c. (Guerin-Varry.) The
solution preserved out of contact with the air becomes turbid in 60

hours at 20, deposits flakes which turn blue with iodine, and are only

partially soluble in hot water ; after 8 months, without having fer-

mented, it is no longer coloured blue by iodine. Even when kept so that

air has access to it, the solution does not ferment ; at first it turns

blue with iodine, but does so no longer after 45 days. (Guerin-Varry.)
The solution cooled to 20, and then thawed, leaves the greater

part, but not all, of the amidine soluble (des fibres amylacees, Jacque-

lain) as a white insoluble mass, while the solution contains amidine.

(Guerin-Varry.)
The aqueous starch prepared with cold water, according to Delffs'

directions (p. 93. Delffs' amylogen), gives the following reactions: it

colours solution of iodine blue, gives white precipitates with baryta-
water and basic acetate of lead ; reduces tartrate of potash and copper ;

and is without action on mercurous nitrate or terchloride of gold.

(Delffs.J)

Here also belongs, according to Fliickiger (Pharm. Viertelj. 10, 40 ;

Zeitschr. Ch. Pharm. 4, 104) the product obtained from starch by the

following process : when starch is shaken with 10 or 20 pts. of a J j
p. c. chloride-of-calcium solution, it becomes, after some time, slimy
and ropy, and after 2-3 days, an upper layer separates, which is a
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solution of chloride of calcium containing but little starch. The
residue, shaken up with 100-150 pts. water, forms a stiff jelly, which,
when filtered after the addition of more water, behaves with reagents
in the same way as Dclffs' amylogen, and from which alcohol pre-

cipitates flakes, which, after being washed with alcohol, dry up to

colourless, transparent lumps ; while moist they are easily soluble in

warm water, but after being dried they are almost insoluble even in

boiling water, and do not dissolve in aqueous cuprammoriia (Fliickiger).

If If a solution prepared as above is saturated with chloride of sodium,
it may be kept a much longer time without alteration. (Mohr, Lehrb.

d. Chemisch-analylischen Titrirmetlwde, Braunschweig, 1862, 236.)
Starch triturated, first with a few drops of water, then with a con-

centrated solution of chloride of zinc, produces a perfect paste at the

ordinary temperature. On addition of water, this paste yields a turbid

liquid, which reacts with iodine like a solution of starch prepared by
boiling starch with water and filtering. By precipitating the zinc

with carbonate of soda and filtering, a clear solution is obtained which
reacts strongly with iodine (Mohr, Lehrb. d. Cliem. anah/t. Titrirmeth.

235; Ann. Pharm. 115, 212; abstr. Rep. Chim. pure, 3, 61). f

Starch-paste. Kleister, Colle d'amidon, Empois. Starch-paste is

starch greatly swollen up in water (Berzelius) ; does not contain starch in

solution (Schleiden) ; according to Payen, it contains, according to

the quantity of water, both dissolved amidon (starch free from

envelopes) and undissolved ; according to Guerin-Varry, it contains
dissolved amidine and amidine soluble; according to Guibourt, dissolved

fecule soluble ; according to Caventou, dissolved amidin together with
unaltered starch. It is formed when starch is heated with water to

75- 100; or when starch which has been moistened with cold

water is mixed with boiling water. 5T The starch-granules of sago
and tapioca are already wholly or in part in the state of paste.

(Lippmann.) f
When starch-granules are warmed with water they split, first near

the nucleus, then expand in the direction of their thinnest layers, split

open either with straight or jagged edges, appear greatly expanded
and transparent, and lastly, there separates from the inner layers a

great number of small, soft flakes, which turn blue with iodine, whereas
the swollen granules only become wine-red. (Fritzsche.) On warm-
ing starch with water : at 54 a few of the granules, at 59 or 60

many of them, burst at the nucleus ; at 61 a few, at 62 almost all, at
64 ah

1

,
break up into ragged masses. (Guerin-Varry.j They first

begin to burst at 56 ; at 60 most of them are burst, and the blueing
of the water by iodine first occurs at this temperature. The formation
of paste commences at 72, but the hot water penetrates before this

by endosmose [also according to Dutrocbet (Ann. Sc. Nat. 30, 354)],
through the envelopes, into the interior of the granules, causing them
to swell up to 30 times their bulk, bursting the envelopes, and making
the swollen contents protrude more or less, according to the quantity
of water they have taken up. The contents are partly dissolved and,
on cooling, partly reprecipitated upon the envelopes, causing the paste
to contract and thicken (Payen). f Lippmann (J. pr. Chern. 83, 52)
gives the following table, in which the column marked A shows the

temperature at which the granules of the various kinds of starch
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enumerated in the left-hand column begin to swell up distinctly ;

column B. the temperatures at which the formation of paste begins ;

and column C. those at which it is complete :

A. B. C.

Rye-starch 45-0 50*0 55*0

Maize-starch .... 50*0 55*0 62 -5

Horse-chestnut - starch (dSsculus

Hippocastanum) . . . 52*5 56*25 58-75

Barley-starch .... 37*5 57*5 62*5

Chestnut-starch (Costarica vesca) . 52'5 58*75 62-5

Potato-starch .... 46'25 58*75 62-5

Rice -starch 53*75 58*75 61-25

Starch from Arum maculatum . 50'0 58*75 62*5

Hermodactyl-starch . . . 61'25 65 '0

Tapioca (Jatropha utilissima, Pohl) 62 -5 68'75

Starch of Arum esculentum . . 45*0 63*75 68*75

Wheat-starch .... 50'0 65*0 67'5

Arrow-root (Maranta arundinacea) 66*25 66*25 70*0

Sago (Sagus Rumphis) ... 66*25 70*0

Buckwheat-starch . . . 55'0 68-75 71*25

Acorn-starch .... 57*5 77*5 87*5

f
When potato-starch is warmed with water to 40 or 50, the

granules exhibit alternately dark and light rings ;
at 60 the granules

expand, the rings separate from one another, and circles of smaller granules
become apparent. At 65 -70 the granules burst, and, on boiling,

appear in irregular shapes like collapsed bags. On moistening the

mass with iodine, brown sheaths, consisting of cellulose, are seen in

the midst of a blue, apparently granular mass. (Maschke.) Accord-

ing to Guerin-Varry, triturated starch dissolves in boiling water with
the exception of 2*12 p. c. envelopes (amidine tegumentaire) ; according
to Guibourt, it dissolves completely by long boiling in water, and

slowly only because the envelopes (which are not chemically different)
are denser than the contents. According to Jacquelain, a solution pre-

pared by long boiling with 500 pts. water contains, in the form of

soluble starch, 10 17 p. c. of the starch employed.
Starch-paste forms a translucent jelly, which is thicker, the more

undecomposed starch it contains. (Caventou.J Boiled with an equal

quantity of water, wheat-starch gives a thinner paste than potato-
starch ; arrow-root, on the other hand, gives only an incoherent

mucilage. (Pfaff, N. Tr. 11, 2, 197.J Common starch-paste is sticky,

not so that prepared from rice-starch (Vogel) ;
it has a faint taste,

and a peculiar smell when prepared from wheat-starch, not when pre-

pared from arrow-root. (^Oswald, N. Br. Arch. 40, 166.) The starch of

^Esculus Hippocastanum does not form a paste, but only a thick

mucilage. (Schweigger-Seidel, J. pr. Chim. 5, 227.J

Starch-paste becomes acid by standing in the air, owing to the

formation of lactic acid (Braconnot), of an uncrystallisable acid.

(Collard de Martigny, J. Chim. med. 3, 238). If saturated with

common salt, it may be kept in stoppered bottles without alteration

for more than a year. (Mohr.) Starch is converted by boiling into

sugar (which, after 1 or 2 months at the common . temperature,
amounts to

-J

-J of the starch used), into gum, into slightly altered
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pasty starch (amidine), and sometimes into a resinous substance (Comp.
Saussure, Ann. Chim. Phys. 11, 388 and Caveritou).

When exposed to sunlight, starch-paste is changed, first into a
substance resembling inulin, then into dextrin and sugar. The
transformation does not take place in the dark, except in presence of

potassio-ferric tartrate, the presence of which makes sunlight act

with one-third more energy ; nitrate of uranium renders the action of

sunlight from 3 to 10 times more intense; ferrous lactate or citrate and
corrosive sublimate, on the other hand, diminish or prevent it

altogether. (Xiepce de St. Victor & Corvisart, Compt. rend. 49, 368 ;

abstr. Ann. Pharm. 113, 112.)

B. With Iodine. Starch is coloured blue by contact with iodine,
and forms iodide of starch (Colin & Gaultier de Claubry), a dark bluo

shining, easily pulverizable mass, retaining the original form of the

starch-granules. (Fritzsche ; Schacht, N. Br. Arch. 47,164.) It is

to be regarded as starch coloured blue by the surface of the granules
being covered with finely divided iodine. (Liebig-, Ann. Pharm. 42,

308; and others.) According to Payen and Fritzsche, it is acorn-

pound of 10 at. starch with 1 at. iodine. According to the way in

which it is prepared, iodide of starch may contain from 3*2 to 7*1 p. c.

iodine. The colour of the compound is not the same with all kinds
of starch : arrow-root starch gives the purest blue ; wheat-starch more
of a reddish violet colour. (Pohl.)

The formation of iodide of starch takes place also when air is

excluded. (Payen.) It also takes place slowly when starch is tritu-

rated with solid iodine, tincture of iodine, or an ethereal solution of

iodine; it occurs immediately in presence of water, or when warm
tincture of iodine is poured on the starch. Iodine-vapour, or

iodine dissolved in absolute alcohol, does not form iodide of starch

with dry starch. (Payen; Gobley, J. chim. med. 20, 121; Lang-
lois.) ^f. Potato-starch, treated with alcohol and tincture of iodine, is

coloured more or less brown ; otherwise the same phenomena occur as

when pure alcohol is used. The blue coloration occurs only when a

great excess of water is added, or when the alcohol has become dilute

by evaporation and absorption of water. These phenomena arc

accounted for by the solvent power of alcohol for iodine being great

enough to overpower the attraction of the starch for iodine. (Pohl,
J. pr. Chem. 83, 37.) 1T Starch-paste mixed with iodide of potassium
is coloured blue by all re-agents which liberate iodine from metallic

iodides, and hence by chlorine (Lassaigne ; Bottger, Ann. Pharm. 33,
338 ; Wackenroder, N. Br. Arch. 47, 166), fuming nitric acid (Walther,
Qu. J. 3, 378 ; Harting, J. pr. Chem. 22, 46), bromine (Wackenroder),
ozone (Schonbein, Pogg. 75, 356), oil of vitriol, sesquichloride of iron,

and many other bodies. Very dilute peroxide of hydrogen separates
iodine either not at all, or very slowly, from a mixture of iodide of

potassium and starch ; it acts quickly, however, if, free acid being
avoided, a small quantity of a dilute aqueous ferrous salt is added.

(Schonbein, Pogg. 112, 281.)
The blue coloration of starch either does not occur or is less pure

in presence of tannic acid, a small quantity of gallic acid, pyrogallic
acid or urine (Lowe, J. pr. Chem. 74, 358) ;

in presence of saliva, blood-

serum, and other substances, it is not produced until the liquid con-

taining the starch has been mixed with 1 2 drops of tincture of

VOL. xv. n
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iodine, then with a few drops of aqueous potash, and, lastly, supersa-
turated with nitric acid. (Bechamp, N. J. Pharm. 27, 406.)

Starch is perceptibly coloured blue by 2--ooYoo"o" P^ ^ aqueous
iodine, not by j^o/Too- ?* (on the contrary : Stromeyer, Gilb. 49, 146); by
chlorine in presence of

-? o-o,Vo~o P*" ioc^ne in the form of iodide of po-
tassium (Lassaigne) ; by a small quantity of fuming nitric acid in

presence of TOO/O o'o' P^- iodide of potassium, very faintly in presence
of ___i_.__

pt. ;
in the last case the coloration is prevented by chloride

of potassium if the quantity of this salt present amounts to 10,000
times as much as the iodide of potassium (Walther) ; it is pro-
duced in presence of YoT.Wo P^ iodine in the form of iodide of

potassium, after some hours with -^-^-^- to s-y^.W"o P*- iodine in the

same form
;
not at all with a still smaller quantity. (Harting.) A

solution of starch-paste containing from -3-9 -^Vo o" ?* to e^Vo (>?* iodine,

as iodide of potassium, is coloured blue at on addition of sulphuric acid

containing hyponitric acid ; whereas, at 13, the coloration is barely

perceptible with -3-30700-0- pt '' at 20 w*tn 2-6T,Wo Pt-> at 30 with
___i___

pt. iodine. Hence it results that the quantity of iodine

required to colour aqueous starch-paste increases with the tempera-
ture. (Fresenius, Ann. Pharm. 102, 184 ; Kopp's Jahresber. 1857, 581.)

Pure iodide of starch is obtained : 1. By adding iodine or alcoholic

tincture of iodine to a filtered solution of starch-paste in concentrated

hydrochloric acid, washing the resulting precipitate with water, till

the liquid runs away colourless, and drying over oil of vitriol.

(Fritzsche.) The compound thus prepared generally contains hydrochloric acid

(Fritzsche, Bbttger.) 2. By mixing potato-starch paste containing
iodide of potassium with an equivalent quantity of chlorine-water,
and washing and drying the precipitate, which forms immediately.

(Bottger.) Lassaigne triturates potato- starch with cold water,
dilutes, washes, mixes the filtrate (which contains Lassaigne's

amidin) with aqueous or alcoholic iodine, and evaporates in vacuo.

Lassaigne's iodamidin thus prepared contains 41 '76 p. c. iodine.

Duroy (Compt. rend. 51, 1031 ; Zeitschr. Ch. Pharm. 4, 88), who
regards blue iodide of starch as coloured by excess of iodine, obtains
his colourless iodide of starch which, however, may be blued by chlo-

rine or nitric acid by boiling aqueous blue iodide of starch till it is

decolorised, or by leaving it in contact with washed beer-yeast, and

evaporating the decolorised solution. He frees the residue by alcohol

from the sugar which has been formed, colourless iodide of starch then

remaining in the form of a sweet gum.
Iodide of starch heated in a retort becomes first darker, then

lighter, yields a distillate of aqueous hydriodic acid, acetic acid and

empyreumatic oil, and leaves a residue of charcoal. (Pelletier.) Air-

dried iodide of starch heated in a sealed tube to 162, melts completely
to a transparent, brownish-yellow mass, which becomes vitreous on

cooling, dissolves in boiling oil of vitriol, and is precipitated therefrom
in brown flocks by water. (Paycn ; comp. Jacquelain.)

,
Iodide of starch, whether dry or dissolved in water, is decolorised

by exposure to sunlight (Uaspail, Guibourt, Payen) ; the colour is re-

stored by ozone (Schonbein, Pogg. 75, 354).
Iodide of starch behaves like starch when agitated or triturated

with water. If it has been prepared from aqueous starch or in the
manner above described, it dissolves readily in cold water, and is

obtained unaltered by spontaneous evaporation, or by evaporation in
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vacuo. (Fritzsche; Jesscn, Pogg. 100, 497; and others.) It is preci-

pitated from the aqueous solution by alcohol less easily than aqueous
starch (Jesscn); by isinglass, acids, and salts, and by cooling (Paycri).
The easily-formed solution of Lassaigne's iodaniidin in cold water
retains its blue colour unaltered for 4 years, and solidifies at 5 to a
dark blue mass, which, when thawed, deposits dark blue flocks soluble

in water at 55 to 60. Seput (N. J. Pharm. 21, 202) obtained an
iodide of starch soluble in cold water, by heating- 1 pt. iodine with
3 pts. starch to 80 100 for half-an-hour, and then heating it, witli

agitation, to 130 140. Magnes-Lahens (N. J. Pharm. 19, 243)
obtained it by heating the same mixture in the water-bath for two or

three hours, and washing out the excess of iodine with alcohol. The

product thus obtained is called by Seput iodide of dextrin.

A very dilute aqueous solution of iodide of starch, heated to G5

(Payen & Persoz), becomes colourless, but recovers its blue colour on

cooling, provided it has not been boiled long enough to expel all the

iodine. With 100 pts. of boiling water, iodide of starch forms a

colourless paste (Pelletier), which gives off the vapour or odour of

iodine (Fritzsche). Decolorised iodide of starch is free from hydriodic
acid (Pelletier, Fritzsche), contains iodic acid (Langlois), arid hydri-
odic acid (Lassaigne), and is therefore again blued by chlorine arid by
concentrated mineral acids, even if it remains colourless on cooling

(Langlois, Pelletier) ; also by salts (Payen), not by vegetable acids or

by dilute mineral acids, sulphurous acid, or carbonic acid (Pelletier). A
concentrated aqueous solution of iodide of starch is not decolorised by
boiling (Langlois ; comp. Jacquelain).

The decoloration of aqueous iodide of starch by heat is due to the vo-

latilisation of the iodine ; hence it does not take place (with concentrated
iodide of starch) in a sealed tube, or when the liquid contains excess
of iodine. If the iodine which evaporates on boiling be expelled by
blowing air into the vessel, the iodide of starch remains colourless

after cooling, but if it can reabsorb the iodine-vapours on cooling, the

colour is restored. Dilute iodide of starch heated 30 or 40 times in a
scaled tube is decolorised by each application of heat, but regains its

blue colour on cooling, without much decrease of intensity. (Baudri-
iii! mt, Coiiijtt. rend. 51, 825 ; Zcitscht: Ch. Pharm. 4, 27; comp. Pohl,
/. pr. Chem. 83, 38.) This statement does not accord with the

observations of Kraut. When aqueous iodide of starch, which became
colourless on being heated in an open tube, was enclosed in a sealed

tube and immersed in the water-bath, decoloration took place as

quickly as in an open vessel. Iodide of starch, which had been
heated in a closed tube for a short time only, became blue again
on cooling, but not that which had been heated for several hours.

On adding more iodine after cooling, the blue colour was re-

stored ; on sealing the tube and again heating, it was destroyed ;

and on cooling, the colour was restored or not restored, accord-

ing to the duration of the heating. At the same time hydriodic
acid was produced, recognisable by cyanide of mercury. (Kr.)
Decoloration of iodide of starch or its aqueous solution is produced
by all re-agents which cause the iodine to enter into combination,

especially by chlorine, the colour being then restored by zinc and
dilute sulphuric acid (Henry & Humbert, Com.pt. rend. 47, 2118); nitric

acid, which converts the iodine into iodic acid, and destroys the starch

(Langlois; Wackenrodcr, //. Br. Arch. 47, 166); sulphurous acid,
H 2
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hydrosulplmric acid (Langlois) ; arsenious acid (Pisani) ; aqueous
ammonia and potash (Pelletier), the blue colour being then restored

by acids. Iodide of starch is likewise decolorised by terehloride of

antimony, chloride of arsenic, terchloride of gold, ferrous, manganous,
stannous, mercurous, mercuric, and silver salts. (Pisani.) Infusion

of galls decolorises iodide of starch : hence certain roots containing
both starch and tannin, are not blued by iodine till after addition of

nitric acid. (Wackenroder.) Decoloration is also produced by
pyrogallic acid, by wood-vinegar and by tobacco-vapour, after the

compound has been moistened with acetic acid. (Lowe, J. pr. Chem.

71, 353.) Slightly blued starch is decolorised by fixed oils. (Payen.)
Alcohol and ether abstract part of the iodine from iodide of starch.

(Payen, Langlois.)
When starch-paste is mixed a with tincture of iodine, & with iodide

of potassium, and both or only the latter with nitric acid free from
nitrous acid, and bromine-vapour is made to flow on to the surface of

both mixtures, a is completely decolorised, but b assumes an emerald-

green colour, changing to olive-green on further exposure to the
bromine-vapour, and finally to brown. The latter colouring is also pro-
duced by chlorine or hyponitric acid, whereas the mixture of iodide of

potassium and starch-paste (not containing free nitric acid) is not
coloured einerald-greeri either by these re-agents or by bromine-water.

(J. Reinsch, N. Jahrb. Pharm.)

C. With Bromine. Bromide of Starch. Formed by precipitating
a solution of starch in hydrochloric acid with aqueous bromine.

Orange-yellow pow^der, which cannot be dried without loss of

bromine ; it loses its colour from above downwards, even while in the
acid liquid, and is completely decolorised, with loss of bromine, by
heat, but re-assumes a pale yellow colour on cooling. (Fritzsche.)

D. With Acids. Sulphamidonic acid (p. 104).

E. With Bases. Amilate of Baryta. By precipitating starch-

paste with baryta-water. (Payen.) Aqueous chloride of barium does not
form any precipitate. (Payen.) When baryta-water is boiled with

potato-starch for half-an-hour, thick white lumps of amilate of baryta
separate on cooling. (Zeise.)

! Coherent precipitate becoming very
tenacious after a while (Payen) ; it dissolves after some time in the

precipitating liquid (Payen), or in water if washed for some time
with that liquid, and is precipitated from the solution by baryta-
water. (Zeise.)

Amilate of Lime. By precipitating thin starch-paste with lime-
water. (Braconnot, Ann. Chim. Phys. 4, 372 ; Payen.) White flocks.

(Bracomiot.) Boiling starch-paste mixed with a few drops of aqueous chloride of
calcium and a small quantity of aqueous potash sometimes throws down amilate of
lime in the form of a jelly. (E. Schmidt, Ann. Pharm. 51, 31.)

Starch-paste dissolves recently piGcipit&tQdphosphate of lime. (Yau-
quelin, J. Phys. 85, 126 ; Schmidt.)

Amilate of Lead. Basic. 10 pts. of starch are boiled with 1200

pts. of water ; the liquid is filtered ; the boiling filtrate mixed with
20 pts. of ammonia previously diluted with 40 pts. of water; the

liquid added, with stirring', to a solution of 30 pts. neutral acetate of

lead in 200 pts. water and 5 pis. ammonia; the supernatant liquid
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decanted from the precipitate after the lapse of an hour, and the precipi-
tato is treated four times with boiling water being each time left to
settle and the liquid decanted in close vessels then washed on the
filter with boiling water, pressed between bibulous paper, and dried in

vacuo first over hydrate of potash, then, after pulverization, at 180.
(Payen.) When aqueous starch free from ammonia is precipitated with ammoniacal

aqueous solution of neutral acetate of lead, the precipitate contains a smaller quantity
of lead-oxide (54'73 to 56'45 p. c. according to Payen) ; similarly when it is preci-

pitated by a solution of basic nitrate of lead and the precipitate dried in vacuo at 100

(28 p. c.). (Berzelius.) Aqueous starch is also precipitated by basic and neutral

acetate of lead without the aid of ammonia (Caventou)j not by the neutral acetate.

(Thomson, Trommsdorff.)

Payen.
at 180.

24 C 144-0 .... 19-1 .... 19-40
18 H 18-0 .... 2-4 .... 2-37

18 144-0 .... 19-2 .... 19-35

4 PbO 446-8 .... 59-3 .... 58'88

C24H i8Pb2O20
j2pbO ? 752-8 .... 100-0 .... 100-00

Payen regards the compound as C 12H9O9,2PbO, according to which formula, it

should give up 1 at. HO at 180 in exchange for PbO. Since, however, starch-paste
heated with 2 pts. oxide of lead, first to 140, then to 180 in vacuo, gives off only traces

of water, Mulder (/. pr. Chem. 15, 300) is of opinion that the oxide of lead, in combining
with the starch, cannot take the place of water. Payen's compound of starch with

oxide of lead dried at temperatures below 130 still contains unaltered starch and
traces of dextrin, turns yellow at 160, lemon-yellow after some time at 179, gives

off only 0'5 p. c. water between 129 and 179, but contains together with the unaltered

starch a larger quantity of dextrin (Berzelius). It is not converted into dextrin at a

temperature of 170 180, and it is only after addition of acid that it swells up in

hot water, is blued by iodine, or converted by diastase into sugar (Payen).

Solution of borax coagulates starch-paste (Ilofer), not in presence
of free acid or of tartrate of potash. (Lowig, Org. Verb. 1, 374.)

Aqueous nickel-ammonia neither causes starch to swell up nor

dissolves it. (Schlossberger, Ann. Pharm. 107, 22 ; J. pr. Chem.

73, 370.)

Aqueous ferric sulphate does not precipitate starch-paste (Payen) ;

starch-paste also prevents the precipitation of ferric salts by alkalis.

(H. Rose.)
Starch is insoluble in aqueous basic sulphate or kyposulphate of

cvprtiMiiionia (Schweizer, J. pr. Chem. 72, 111), even when heated,
but swells up strongly therein (Schlossberger, Ann. Pharm. 107, 23 ;

J. pr. Chem. 73, 370). The power of the solution to make starch

swell up is limited ; its action extends from without inwards, and
causes the swollen starch-granules to appear darker than the sur-

rounding liquid. (Cramer, Chem. Centr. 1858, 57; J. pr. Chem. 73,

13.) When aqueous sulphate of cuprammonia is poured upon wheat-

starch, the granules swell up strongly, and an insoluble violet com-

pound (amilate of copper) is formed, containing 12'75 p. c. cupric oxide,

ammonia slowly decolorises it, and removes the copper. When cold

dilute acids are poured upon this compound, it swells up strongly, and

finally dissolves with the exception of the enlarged envelopes of the

starch-granules. (Payen, Compt. rend. 48, G7.)

Starch boiled with water forms a precipitate with aqueous nitrate of
silver-, this precipitate is more copious with arrow-root than with



102 CARBO-HYDRATES C12H 10O10
.

potato-starch. (Schmidt, N. Br. Arch. 19, 195.) Starch boiled with
90 pts. water dissolves nitrate of silver. (Thomson.)

Starch-paste prepared with 1 pt. starch to 90 pts. water does not

precipitate : cobalt-salts, zinc- salts, stannous, ferrous, ferric, or cupric

salts, nitrate of lead, mercuric nitrate, terchloride of gold, or 'bichloride of

platinum. (Thomson.) Starch-paste prepared with 1 pt. wheat-starch
and 50 pts. water does not precipitate : uranic nitrate, manganous
sulphate, tartar-emetic, nitrate of zinc, chloride of cadmium, chloride of tin,

sesquichloride of iron, the salts of cobalt, nickel, copper, or silver, mercuric

nitrate, terchloride of gold, chloride of platinum, or chloride of palladium.

(Trommsdorff, Taschenb.,1824:, 24.) Thin starch-paste heated to 50,
does not precipitate aqueous acetate of alumina or ferrous sulphate, but

produces a slight turbidity in mercurous nitrate.

Infusion of galls added to thin starch-paste produces an abundance
of grey flocks (Thomson ; Payen & Persoz), which are partially

decomposed and leave a residue of starch when completely washed with
alcohol (Thomson); and also when washed with cold water. (Kali-

nowsky, J. pr. Chem. 35,201.) The flocks disappear on heating the

liquid above 49, reappear below 49, arid dissolve in excess of the
infusion of galls. (Thomson.) If the infusion of galls be slowly
added, they dissolve at first, but not afterwards ; they are likewise

insoluble in a large quantity of water, and are deposited on adding
more of the infusion of galls. (Payen.) The dried precipitate is

brownish yellow, translucent, brittle, and has a harsh taste. (Thomson.)
Tasteless. (Kalinowsky.)

Starch is insoluble in alcohol, in ether, and in oils, both fixed and
volatile. From impure starch, these solvents remove chlorophyll, wax or fat.

Starch swells up when glycerin is poured upon it. (Cap & Garot, N. J. Pharm.

26, 81.)

Appendix to Starch.

1. Bechamp's Soluble Starch.

Distinguished by B6champ, as a substance differing from common starch and from

dextrin. He regards it as identical with the substance originally called dextrin by
Biot (not that to which the name dextrin is now applied). Respecting Maschke's

soluble starch, see page 82.

Formation. Common starch is converted into soluble starch by hot

dilute acids, diastase, concentrated acids, either cold or hot, and
solution of chloride of zinc. When starch is subjected to the action of dilute

acids or of diastase, it is first disorganised, then converted into a substance which is

not immediately blued by iodine (Saussure's Ligneux amylacfr), then into a substance

which dissolves only in water at 80, and separates again as the solution cools

[Jacquelain's Granules de fccule, Schulze's Amidulin (J. Pr. Chem. 44, 178)], and

finally into soluble starch. Soluble starch is produced, without previous

disorganisation, by the action of glacial acetic acid on starch.

(Bechamp.) It is likewise obtained by treating xyloidin with aqueous

protochloride of iron. (Bechamp, Compt. rend. 37, 134.)
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Preparation. Starch-paste is subjected to the action of diastase or
of dilute sulphuric acid, till the mixture is coloured by iodine, no longer
blue but violet, the liquid is then saturated with carbonate of baryta,
or the action of the diastase is interrupted by boiling, the filtrate is

precipitated with alcohol, and the precipitate is washed with alcohol

and dried. 2. One part of starch is heated with 4 pts. glacial
acetic acid to 100 in a sealed tube for six hours, and the contents
of the tube are washed on a filter with alcohol, and dried. 3. Starch
covered with 2 pts. of ordinary and 1 pt. of fuming nitric acid, is left

to stand in a covered vessel at 18 20, till it is converted into a

clear, transparent mass. or a thick mixture of starch and nitric acid

is heated till it gives off red vapours ; alcohol is added in either case ;

and the insoluble residue is washed with alcohol, and dried over oil of

vitriol. 4. Three parts of starch are triturated with 2 pts. oil of

vitriol ; the stiff white paste is covered with alcohol after the lapse of

half-an-hour ; and the insoluble residue is purified by washing with

alcohol, solution in water, and precipitation with alcohol. ^[. 5. Nitra-

inidin, binitramidin, or one of the compounds isomeric therewith

(pp. 106 112), is heated with a rather dilute and perfectly neutral
solution of protochloride of iron, keeping the temperature below

100, and adding iron- filings to prevent the formation of free

hydrochloric acid, which would transform the starch into dextrin.

As soon as the evolution of nitric oxide ceases, the liquid is

quickly cooled, filtered, mixed with alcohol, and left to stand for

twenty-four hours. It then deposits an ochreous mixture of starch

and ferric oxide, which is washed with alcohol and dissolved in water ;

the filtered solution is treated with excess of baryta, and the resulting

precipitate of amilate of baryta is washed with water containing a
little baryta, then suspended in water and decomposed by carbonic
acid. The colourless filtrate, concentrated and freed from dissolved
carbonate of baryta by heating in the water-bath, is then mixed with

very strong alcohol, which precipitates the starch in very minute

granules, to be purified by repeated washing with nearly absolute

alcohol, and drying in vacuo over oil of vitriol. (Bechamp, N. Ann. Chim.

Phys. 64, 329.) f .

Properties. White powder, or if obtained by evaporating the

aqueous solution, gummy transparent mass. If prepared with glacial
acetic acid, it does not differ in appearance from ordinary starch.

Rotatory power [a]
= 211 to the right. (Bechamp; Berthelot,

N. Ann. Chim. Phys. 48, 495.)

24 C
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syrup ; neither does it suffer any alteration of rotatory power by
keeping.

Soluble starch in the solid state or in solution, is turned blue by
iodine, forming soluble iodide of starch. It is precipitated from its

solution by lime or baryta-water, by alcohol, and by tannin, (Bechamp.)

2. Sulphamidonic Acid.

FEHLING. Ann. Pharm. 55, 13.

BLONDEAU DE CAROLLES. Rev. scient. 15, 69 ; abstr. J. pr. Chern. 33,
439 ; Ann. Pharm. 52, 416.

Known chiefly in combination with bases. By the action of oil of vitriol

upon starch, compounds are produced, containing, according to the

quantity of the oil of vitriol, the duration of the action, and the limits

within which the temperature is restrained, from 12 to 44 at. C, and 12 to

39 at. H and 0, to 2 at. sulphuric acid. See the baryta-salts. (Fehling.)
The product obtained by 8 or 10 days' action of oil of vitriol on starch contains dextrin

and sugar as well as sulphamidonic acid.

The aqueous add is obtained by decomposing the lead-salt with

sulphuretted hydrogen. On evaporating the filtrate separated from
the sulphide of lead in vacuo at 10, there remains a white, non-crys-
talline, acid, deliquescent mass, whose concentrated solution blackens

at 100, and decomposes readily, even at ordinary temperatures, with
formation of sulphuric acid, dextrin, and sugar. (Fehling.)

If the solution obtained by adding starch to oil of vitriol and

diluting with water, be neutralised with alkaline or metallic carbonates,
the sulphamidonates are produced. These salts are amorphous, swell

up and give off vapours of sulphuric acid when heated ; are decom-

posed by chlorine with formation of hydrochloric acid ; and dissolve

readily in water. (Blondeau.)

Sulphamidonate of Baryta. When the solution obtained by adding
starch to oil of vitriol and diluting with water, is neutralised with

carbonate of baryta, and the filtrate is evaporated in a current of air at

25, non-crystalline baryta-salts remain, which, after drying in vacuo,

may be heated to 100 for three or four hours without alteration,

dissolve easily in water, and are decomposed when heated therewith, de-

positing sulphate of baryta. These baryta-salts differ in composition

according to the quantity of oil of vitriol used, and the time during
which it has remained in contact with the starch.

a. By 12 hours' action of 2J pts. oil of vitriol on 1 pt. starch =
C laHuOn,S03

.BaO,S0
3
. I. By 24 hours' action of the same =

C 16II 11 11
,S0

3
.BaO,S0

3
c. By 3 hours' action of H pts. oil of vitriol on

1 pt. starch = C20II16 16
,S0

3
.BaO,S0

3
. d. By 24 hours' action of 2 pts.

oil of vitriol on 1 pt. starch = C24H20 20
,S0

3
. BaO,S03

. e. By 48 hours'

action of IJ pts. oil of vitriol on 1 pt. starch = C28H24 24
,S0

3
. BaO,S03

.

f. By 48 hours' action of 2^- pts. oil of vitriol on 1 pt. starch =
CS2IP6 26

,S0
3

. BaO,S0
3

#. By 72 hours' action of H pts. oil of vitriol on
1 pt. starch = C361I30 30

,
SO3

. BaO,SO3
. //. By 60 hours' action of

21 pts. oil of vitriol on 1 pt. starch = C*H32 32
,S0

3
. BaO,S0

3
. z. By
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H hoars' action of H pts. oil of vitriol on 1 pt. starch =
S03

.BaO,S0
3
. (FehKng.)

Fehling.
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3. Nitramidin.

C"NH9 14 = C 12XH9 10
?

BRACONNOT (1833). Ann. Chim. Phys. 52, 290; Pogg. 29, 176; Ann.
Pharm. 7, 245 ; abstr. Schw. 68, 368.

LIEBIG. Ann. Pharm. 7, 249.

PAYEN. N. Ann. Sc. nat. Bot. 10, 161.

PELOUZE. Compt. rend. 7, 713 ; J. pr. Chem. 16, 168. Compt. rend.

23, 890 ; J. pr. Chem. 40, 200.

GLADSTONE. Mem. Chem. Soc. 3, 412. Pharm. J. Trans. 13,215.
BOUIJS-BALLOT. Scheik. Onderzoek. Utrecht, No. 3 ; J. pr. Chem. 31,

309 ; Ann. Pharm. 45, 47.

BECHAMP. N. Ann. Chim. Phys. 46, 338 ; abstr. Compt. rend. 41, 817 ;

J.pr. Chem. 68, 61. Further, N. Ann. Chim. Phys. 64, 311.

Explosive Starch, Xylo'idin. Pyroxam, Amidon mononitre, F$cule nitrique,
Fecule mononitrique.

Discovered and named by Braconnot in 1333 ; examined by Pelouze and more

recently by Be"champ.

Formation. 1. By the action of strong nitric acid of sp. gr. 1-52

(or of red fuming
1 nitric acid : Lielig, Gladstone), on starch in the cold

(Braconnot, Pelouze). Starch is likewise converted into nitramidin by nitric acid

of sp. gr. 1-414, but not by weaker acid. (Gladstone.) Bechamp has shown
that there are two modifications of nitramidin, one insoluble or nearly
so in ether-alcohol, acetone and wood-spirit ; the other (isonitramidin)
soluble in those re-agents. The production of one or the other of

these modifications depends chiefly on the temperature, nitramidin

being produced when the liquid is kept cool ; isonitramidin when the

temperature is allowed to rise. If the product is left too long in

contact with the acid, it is destroyed and converted into an acid, probably
saccharic acid. This effect had been observed by Pelouze, who attributed it to

the presence of an excess of nitric acid ; but according to Bechamp, an excess of acid

has no influence on the result, unless the starch is very dry, and the acid very highly
concentrated, in which case a certain quantity of binitramidin is produced 2. By
the action of strong nitric acid on giycogen. (Pelouze, Compt. rend.

44, 1321; J.pr. Chem. 73, 249.)
A product agreeing in composition and properties with nitramidin

is formed when wood-shavings, linen, or cotton is heated with strong
nitric acid. (Braconnot, Payen.) Strong nitric acid of sp. gr. 1*5

dissolves cotton at 30 35, forming a thick transparent gum, from
which water throws down nitramidin. (De Vrij, Compt. rend. 24, 19.)
The identity of these products with nitramidin appears doubtful. (Kr.)

Preparation. Starch is dissolved in cold concentrated or fuming
nitric acid, the gummy solution is immediately mixed with water, and
the tenacious transparent precipitate is washed with water and well

dried. (Braconnot, Bechamp.) The starch should be quickly and

intimately mixed with fuming nitric acid, by triturating it in small

portions in a glass mortar, and the translucent gelatinous solution

immediately diluted with water, whereby coarse-grained nitramidin is

produced. (Ballot.) f. 1 pt. of starch dried at the temperature of

the air (20), is mixed with 5 to 8 pts. of fuming nitric acid, by tritu-
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ration in a thick porcelain mortar (to avoid rise of temperature), till

it is reduced to a perfectly transparent semifluid mass without any
trace of granules, and 20 to 30 pts. of water are added at once, the

trituration being constantly kept up. The compound then separates
in the form of a curdy precipitate, easily pulverized under water. It

is washed with distilled water, and dried at the temperature of the air or

in a hot-air chamber. (Bechamp.)
To purify this product, it is dissolved in a cold mixture of 10 pts.

glacial acetic acid and 1 pt. bihydrated acetic acid [C
4H 4O4,2HO; sp.

gr. 1-073]; the solution is filtered, distilled water gradually added, the

viscous mass which falls to the bottom is separated from the super-
natant liquid by dccantation, and a larger quantity of water is added

;

a pulverulent precipitate is then formed, which must be collected on a

filter, washed and dried. (Bechamp.) f

Properties. White powder. Coarse-grained (Ballot) ; sandy, con-

sisting of tough opaline vesicles (Reinsch, N. Repert. 3, 181). Taste-
less. (Bracounot, Liebig.) Has a scarcely perceptible bitter taste.

(Reinsch.) Neutral. (Braconnot.) Poisonous. (Baker Edwards, Ch em.
Centr. 1849, 48.) Rotatory power of nitramidiri [a"]

= 155'96 to the

right.

Calculation according to Bechamp. Gladstone. Bouijs- Petten-

Laurent and Bechamp. Ballot. kofer.

12 C .,
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solution is diluted with water and distilled, aqueous nitric acid passes over, not accom-

panied by red vapours. 3. Because the optical rotatory powers of these compounds,
as determined by observation, are nearly the same as those which calculation would

assign to mixtures of an active molecule of hypothetically anhydrous starch C 12H8 8
,

with the inactive molecules HO,NO5 in nitramidin and 2N05 in binitramidin. [For
the details of these calculations see the original memoir (N. Ann. Chim. Phys. 64,

841.)]. II-

Decompositions. 1. Spontaneous decomposition. Nitramidin, after

being kept for six years, suddenly began to give off gases, including

hydrocyanic acid, and after a few weeks left a small quantity of a
turbid liquid. (Gladstone.) According to Bechamp, it may be kept without

alteration for an indefinite time. 2. Nitramidin detonates slightly when
heated (Braconnot), giving off a small quantity of nitrous acid

(Liebig), not by pressure or percussion (Pelouze). When heated on

paper, it does not melt, but becomes carbonised, without setting fire

to the paper. (Braconnot.) It takes fire at 180 (Pelouze), at 182

(Gladstone).

According to Bechamp's earlier experiments, it takes fire between
180 and 190, leaving a large quantity of charcoal; according to his

later experiments, it begins to give off red vapours at 198,
when heated in a test-tube, and deflagrates slowly between 198 and

200, leaving a black residue, without leaving any charcoal. (Pelouze.)
Nitramidin subjected to dry distillation gives off a yellow distillate

containing acetic acid, leaving charcoal amounting to % of its weight.

(Braconnot, Pelouze.)

3. Nitramidin is dissolved by nitric acid of sp. gr. 1*25, or higher.
The solution in nitric acid of sp. gr. 1'414 acquires a yellowish red colour, and

after some days no longer deposits xyloidin on addition of water, but contains an

acid similar to saccharic acid (xi. 513), which is likewise formed on boiling starch

with strong nitric acid, and is easily transformed by heat into a black acid, which,
when boiled with nitric acid, is converted into oxalic acid, without evolution of

carbonic acid. (Pelouze, Payen.) Nitramidin dissolved in fuming nitric

acid separates as pyroxylin, on mixing the solution with an equal
volume of oil of vitriol. (Cottereau, Compt. rend. 24, 305.) t From

Bechamp's experiments, it appears probable that the product thus obtained is not

pyroxylin but binitramidin (p 110) 1. With oil of vitriol, nitramidin forms

a colourless solution, from which it is not precipitated by water

(Braconnot) ; this solution easily and quickly decolorises solution of

indigo, and gives off nitrous gas when treated with copper. (Liebig.)
5. Nitramidin treated with a warm aqueous solution of protochloride

of iron, gives off nitrous gas, and is converted into soluble starch.

(Bechamp.)

Ci?NH9Oi4 + 6FeCl + HO = Fe2O3 + 2Fe-Cl3 + NO2 + C12H 10O10
.

In contact with ferrous sulphate, it exhibits the coloration character-

istic of nitrates. (Cottereau, Compt. rend. 23, 1157.)

G. Nitramidin is not dissolved by aqueous alkalis (Pelouze, Be-

champ) ; becomes translucent and glutinous when immersed therein.

(Braconnot.) According to Ballot, it dissolves partially. The portion soluble in

weak aqueous alkalis (not in ammonia) contains, after precipitation with acetic acid

and washing of the flocculont precipitate with the same acid, 38'01 p. c. C. and 4'94 H.

(C
12H'JNO 12

); the insoluble portion which sinks to the bottom, and, after careful

washing, appears white and pulverulent, contains 36' 94 p c. C. and 4'51 H. (C
12H9NO12

).

Nitramidin after thorough washing with alcohol, and then with weak aqueous potash,

contains 37'32 p. c. C. and 5'17 H. (Ballot.)
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Combinations. Nitramidin is insoluble ill water. (Braconnot,

Pelouze.) It softens in boiling water. (Braconnot.) It decolorises alcoholic

tincture of iodine, forming a yellow compound. (Braconnot.)
It dissolves in strong hydrochloric acid, especially when heated

(Braconnot, Gladstone), with rapid decomposition (Bechamp). It is

nearly insoluble in pure glacial acetic acid, but dissolves easily in that

acid mixed with ^ of the bihydrated acid, C4H4 4
,2HO. (Bechamp,

N. Ann. Chim. Phys. 64, 320.) When moderately heated with glacial acetic

acid, it dissolves to a thick mucus, which coagulates on addition of water, and leaves a

colourless varnish when evaporated (Braconnot). Xyloidin prepared from cotton

separates, when precipitated from its solution in acetic acid, as a coagulated mass ;

that prepared from starch separates in the form of a powder. (De Vrij.)

Nitramidin is insoluble in aqueous ammonia. (Braconnot, Ballot.)
It does not dissolve in alcohol,

'

ether (Braconnot, Bechamp), or

ether-alcohol (Bechamp). With anhydrous ether it forms a jelly which
dries up on evaporation to a white opaque film. (Schonbein ; Bottger,

Pogg. 70, 820.) Xylo'idin prepared with nitric acid dissolves in ether
;
that which

is prepared with a mixture of nitric and sulphuric acid, dissolves in ether-alcohol.

(Flores Domonte & Menard, Compt. rend. 23, 86). Nitramidin is insoluble ill

chloroform, acetic ether and benzene, slightly soluble in wood-spirit. In

acetone it appears to soften, but does not dissolve. (Bechamp.)

f 4. Isonitramidin.

N. Ann. Chim. Phys. 64, 320.

Fecule mononitrique soluble, Fecule isomomonitrique

Formation and Preparation. The same as for nitramidin (Bechamp),
excepting that the nitric acid must be present in greater excess, and
the temperature allowed to rise. Starch triturated with 10 or 12
times its weight of fuming nitric acid in a rather thick glass vessel, so

that the heat developed by the reaction may not be too quickly dissi-

pated, is converted in six or eight minutes into a yellow, slightly

viscid, perfectly transparent liquid, which, when poured into 30 times
its volume of water, yields a precipitate less curdy and more pulveru-
lent than nitramidin precipitated in like manner. It is purified by
dissolving it in ether-alcohol, filtering, and leaving the ether to evapo-
rate. It is then deposited as a pulverulent mass, which may be dried in

a hot-air chamber.

Properties. White powder. Rotatory power (determined on the
acetic acid solution), [a] = 15 6' 9 6 to the right.

12 C
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Decompositions. At ordinary temperatures it may be preserved

indefinitely without alteration. A sample prepared in 1854 has been preserved
unaltered up to the present time (summer of 1859), in the climate of Montpellier.

Heated in a tube, it begins to give off red vapours at 170, and

deflagrates at about 172, leaving a small quantity of white matter.

By protochloride of iron, it is decomposed in the same manner as

nitramidin, yielding soluble starch, (p. 108.)

Combinations. Insoluble in water. More soluble than the preceding
in glacial acetic acid. In alcohol of 95 per cent., and in ether it does not

dissolve, but merely softens ; but in a mixture of ether and alcohol con-

taining excess of the former it dissolves with great facility. Slightly
soluble in nearly absolute alcohol ; insoluble in chloroform ; easily soluble

in acetone, acetic ether, and methylic alcohol. The solubility of the compound in

certain menstrua appears to vary with the temperature at which it is prepared ; the

product to which the preceding statements apply was prepared at 20 ; but another pro-
duct prepared at 34 with 1 pt. of starch dried at that temperature and 10 pts. of

fuming nitric acid, dissolved easily in alcohol of 95 per cent.

If 5. Binitramidin.

C 12N2I18 18 = C 12X2IP0 10
?

BECHAMP. N. Ann. Chim. Phys. 64, 322.

Dinitramidin, Nitroxylo'idin, Fecule dinitrique.

Formation. 1. By the action of oil of vitriol on the mononitrated

compounds isobinitramidin being formed at the same time. 2. Occa-

sionally together with nitramidin, by treating dry starch with excess

of nitric acid (see experiment e. p. 107).

Preparation. 1 pt. of starch dried at 20 is dissolved in 12 pts. of

fuming nitric acid, and the solution, filtered if necessary through
pounded glass, is placed in a freezing mixture and quickly mixed with

8 pts. oil of vitriol, whereupon the mixture soon becomes turbid and

deposits a soft white, very bulky mass The whole is then quickly

poured into a large quantity of cold water, care being taken to divide

the solid mass and mix it up well, so as to avoid any great rise of tem-

perature in particular parts. The product, which is a white powder
resembling nitramidin, but more finely divided, is freed from sulphuric
acid by washing with a large quantity of water, then dried in the hot-

air chamber.
The product is chiefly a mixture of binitramidin and isobinitramidin

mixed, however, with small quantities of the mononitrated compounds.
Two experiments gave 147 and 150 pts. of dried product from 100 pts. of starch;

according to the formula C12N-H SO 18
it should be 155'6 To separate the two

binitrated compounds, the dried powder is treated with alcohol of 96

p. c. first in the cold, then at 40, which dissolves the isobinitramidin

and leaves the binitramidin. The latter, after washing with alcohol, is
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dissolved in ether containing alcohol, and the filtered solution is eva-

porated, cither in the open air, or in an air-bath heated to 25 or 30.

rroperties. White mass easily pulverized.

Bechamp.
12 C
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electric by trituration. If the alcohol be evaporated by heat, the iso-

binitramidin separates in transparent laminae.

Rotatory power, [a] = 13 1 '5 .

12 C
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universally distributed constituent of plants, and is found especially
in the roots of Imtla Helenium (Rose), Angelica Archangelica (not in this

root, according to Buchholzand Buchner), Anthemis Pyrethrum (John), Colchicum

(iiitnmnale (Pellotier & Caventou), Leontodon taraxacum (Mulder, Iler-

berger, Rcpcrt. 52, 399 ; Frickinger, Repert. 73, 45), Cichorium intylu*

(Woskresensky) ;
in the tubers of Dahlia pinnata (not in spring, according to

Woskresensky), (Payen), Helianthus tuberosus (Braconnot) ;
in the stalks

of Solatium Dulcamara, in spring, not in autumn (Jonas, N. Br. Arch.

42, 130): in the buck-bean, Menyanthes trifoliata (Trornmsdorff) ;
in morel

(a kind of fungus) Beltz ; in Lerp-manna (from Eucalyptus clumosa) to

the amount of 13'8 per cent. (Anderson.) Lichen fraxineus and Lichen

fastigiatus contain, according to Berzelius, inulin, lichenin, or a substance
of similar character. The seeds of Helianthus annum contain a non-
fermentable substance, insoluble in cold water and in alcohol, which,
after boiling with dilute acids, reduces copper from an alkaline solution,

probably inulin.

Preparation. A. From Elecampane-roots. The roots are boiled

with a large quantity of water, the decoction is evaporated, the
extract exhausted with cold water, and the inulin which remains un-
dissolved is washed. (Gaultier, Stratingh.) The roots are exhausted
with hot water in a displacement apparatus; the concentrated
infusion is evaporated to 10 or 12 Bm. and mixed with 2 pts. alcohol,

and the inulin thereby precipitated is purified by reprecipitation with
alcohol from its concentrated solution, and decolorised with animal char
coal. (Thibault.) Kohnke (A

r
. Br. Arch. 39,289) boils elecampane -

roots (previously exhausted with alcohol) with water ; evaporates the
filtered extract to ^ or ^ ; mixes it with alcohol till it becomes turbid ;

collects the pale yellow inulin which separates after several days ;

and purifies it by dissolving it in hot water, and washing- the inulin

which separates on cooling with warm alcohol. The helenin mixed
with inulin prepared from elecampane-roots is extracted by boiling
with alcohol. (Croockwit.)

B. From Potatoes or Dahlia-tubers. 1. The pulverulent deposit
which separates in the cold from the expressed juice of potatoes is dis-

solved in hot water, and the solution is filtered, evaporated and left to

cool, whereupon it deposits inulin. (Braconnot.) 2. The nearly
transparent juice expressed from dahlia-tubers is left to stand for some
hours, whereupon it solidifies, from separation of inulin, to a stiff

paste, which is to be washed and dried. (Ludwig, N. Br. Arch. 82,

163.) 3. Dahlia-tubers rubbed to a pulp are washed on a hair sieve
in a thin stream of water, as long as the liquid continues to run

through milky, and the inulin which separates from it on standing, is

collected or in case it is slow in settling down, the turbid liquid is

heated till it boils ; the coagulated vegetable albumin is skimmed
off

;
and the remaining liquid is left to cool ; it then, after a few days,

deposits a thick pulp easy to wash. (Liebig, Ann. Pharm. 2, 235.)
Roots of Dahlia pinnata treated in this manner do not yield any inulin

;
but this sub-

stance settles down as a white powder when the aqueous extract of the fresh tubers,
cut in slices, dried and pulverized, is evaporated, and the extract diluted with water.

(Wittstein, Repert. 71, 362.) 4. Dahlia-tubers rubbed to a pulp are

washed with cold water on a linen or woollen cloth
; the residue is

boiled for half-an-hour with 2 pts. wjiter and a small quantity <>f chalk;
VOL. XV. J
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the liquid is expressed, the extract, after being decolorised with
animal charcoal and clarified with albumin, is evaporated till a film

forms on it, and the inulin which separates on cooling is washed
with cold water, and purified by solution in hot water and cooling.

(Payen.)
Parnell uses peeled and washed dahlia-tubers ; boils them for an

hour and a-half with 5 pts. of water, and purifies the inulin which
separates from the evaporated extract, by precipitating its aqueous
solution with alcohol. Croockwit purifies the inulin thus obtained by
boiling it with. alcohol.

The inulin contained in dahlia-tubers, and separable without alteration by Liebig's
method, is called by Marquart (Ann. Pharm. 10, 92), Synantherin ; while that which
is extracted from the same source by hot water, he calls Sinistrin. The first forms
small spherules whose envelopes are torn by the action of hot water, their contents, the

sinistrin, then escaping while the envelopes remain. Inulin separated by cold water is

therefore synantherin, as it occurs in nature ; but that which is obtained with hot water
is altered synantherin, or sinistrin.

C. From Dandelion-roots. Obtained in the same way as from
dahlia-tubers. (Wittstein, Revert. 71, 362 : Ilerberger, Revert.

52, 399.)

D. From Chicory-roots. The aqueous decoction is precipitated by
neutral acetate of lead ; the filtrate freed from lead is evaporated till

a film forms on the surface ; and the inulin which separates from it is

purified by precipitating its aqueous solution with alcohol. (Wosk-
resensky.)

E. From Lerp-manna. The substance is exhausted with boiling
alcohol ; the residue consisting of starch, cellulose and inulin is well

boiled with water, and the inulin, which separates from the filtered

extract on cooling, is collected and washed till the wash-water no

longer exhibits the reactions of starch. (Anderson.)

Properties. Soft, white powder, resembling starch (Woskresensky,
Dubrunfaut), consisting of microscropic granules similar in form to

starch-granules, but only -^
of the size. (Baumann.) When dried on

glass or porcelain, it forms a translucent, brittle, dazzling white mass,
which swells up in water. (Liebig.) Very friable. (Parnell.)

Horny ;
but dull white if alcohol has been added to it before drying

(Payen) ; gummy (Parnell, Dubrunfaut). Marquart's synantherin is a light

brown, translucent, horny mass; his sinistrin a white, almost transparent, horny
mass

sp. gr. 1'35G (Payen); 1'462 (Dubrunfaut). Sticks to the

teeth and to moist paper. Very hygroscopic. (Dubrunfaut.)
Tasteless. (Pamell.) Inodorous. Rotatory power = 34 42' to the

left. (Dubrunfaut.)

Payen. Mulder. Parnell.

at 150 at 170 at 120 at 120 air -dried.
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Croockwit.
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heated (Payen, Braconnot, Dubrunfaut, Bpuchardat);
the trans-

formation is not attended either with evolution or with absorption of

gas.

7. Aqueous arsenic acid dissolves inulin with aid of heat ; after

continued action, the cooled solution no longer deposits inulin, and

leaves on evaporation a rose-coloured mass, which afterwards be-

comes darker and finally black, grape-sugar being first formed, then

humic and formic acids. (Baumann, N. Br. Arch. 37, 264.)

4. Oxide of lead converts inulin wholly or partially into glucic acid,

which, if afterwards exposed to the air, changes into apoglucic acid.

A warm aqueous solution of inulin reduces other salts of lead, copper,
and silver. If an ainmoriiacal solution of lead is precipitated by

aqueous inulin, the filtrate separated from the white precipitate de-

posits spangles of lead after a few hours, and contains formic acid.

(Croockwit.)

9. Inulin is \\Qifermentable. (Bouchardat.) Neither the aqueous
solution nor inulin suspended in water ferments in contact with yeast,
or with tartaric acid and yeast. (Dubrunfaut.) Inulin suspended in

water together with yeast ferments like sugar, but much more slowly, giving off

carbonic acid, alcohol, and a small quantity of ammonia (Payen), but only if it has been

previously converted into sugar by the action of unwashed sour yeast. (Bouchardat.)

10. Diastase alters neither the rotatory power nor the other pro-

perties of inulin. (Payen.) Inulin is digested in the stomach, and
does not pass, as inulin, either into the urine or into the fseces.

(Bouchardat.)

Combinations. With Water. A. Hydrated Inulin. Gummy inulin

immersed in water swells up, absorbs water, and crumbles to dull-

looking granules of -^^ millimetre diameter, which do not exhibit the

double refraction of starch. Inulin kept in moist air at 10 acquires
a specific gravity of 1*361; gives off 11*25 p. c. water in dry air at

10, and 4*75 p. c. more at 100. (.Dubrunfaut.) Inulin which has
been dried in the hot-air chamber absorbs water and becomes opaque
on being immersed in water. (Payen.) Rotatory power = 26*16 to

the left (Bouchardat) ; 29*40 (Dubrunfaut.)

Dubrunfant.

("J24JJ20Q20
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quantity of iiiuliii, that from 4 to 5 p.c. still remains in solution, and sepa-
rates but imperfectly after a very long time, probably in consequence
of a molecular alteration of the inulin. (Dubrunfaut.) The aqueous
solution of inulin is transparent ; gummy if it contains 1 pt. inulin to
i-

pt. water, but not pasty (Gaultier) ; the solution of 1 pt. inulin in

4 pts. water is less gummy than an equally strong solution of gum-
arabic ; it may be filtered, does not froth when agitated, but if cooled

deposits nearly all the iuulin in the crystalline form after a few hours

(Rose) ; after 48 hours it solidifies to a white, opaque, curdy mass,
which cannot be poured out. (Braconnot.) A solution of 1 pt. inulin

in 17 pts. water at 15 does not deposit any thing after 48 hours.

(Payen, John.) A concentrated solution of inulin in boiling water

deposits transparent inulin on cooling, sometimes in crystalline ag-

gregates; the solution saturated at 175 deposits on cooling aggre-
gates of spherules and plates. (Payen.) A concentrated solution of

iuulin becomes covered with a film on evaporation, and solidifies to

a granular mass on cooling. (Payen.)

2. With iodine, inulin obtained from elecampane-root forms a

greenish yellow compound which in time loses nearly all its iodine,

becoming pale yellow, and is decomposed by boiling water. (Gaultier.)
3. Chlorine does not precipitate aqueous inulin. (Payen.)

4. Inulin dissolves with brown colour in oil of vitriol ; the solution is

precipitated by ammonia, not by water or alcohol. (Gaultier.) 5. It

is not soluble in hydrochloric acid (Gaultier) ; dissolves in dilute hydro-
chloric acid (Biltz). For the decomposition of inulin by dilute and concentrated

acids, see page 115.

With Bases. Inulin absorbs 3*29 p. c. ammonia. (Mulder.) It

dissolves in cold aqueous potash, forming a colourless solution which

leaves, on evaporation, a nearly colourless gum, and when mixed with
acids deposits after a while unaltered inulin.

Inulin-baryta. Produced by adding hydrate of baryta or chloride

of barium mixed with potash to an aqueous solution of inulin. White

curdy flocks, which giadually cake into a soft viscid mass. The warm
aqueous solution, when left to evaporate, becomes covered with yel-
low crystalline fibres. By repeated solution in water and evaporation
of the solution, the compound deposits carbonate of baryta and becomes
soluble in cold water. (Payen.) Inulin-baryta dissolves easily in

nitric, with difficulty in hydrochloric acid (Gaultier) ; also in glacial
acetic acid, and in excess of aqueous inulin. (Payen.)

Aqueous-inulin does not precipitate strontia-water, lime-water, alumi-

nate ofj)otash, or silicate ofpotash. (Gaultier.)

with Lead-oxide. Aqueous inulin added to aqueous neutral

acetate of lead mixed with ammonia, throws down a bulky compound
(flocculcnt according to Croockwit) of inulin and oxide of lead (Parncll),
which must be pressed in air free from carbonic acid, and dried, first

over oil of vitriol and sticks of potash, then for some hours at 100

(Croockwit.) Aqueous inulin does not precipitate aqueous acetate oj
lead either neutral or basic (Parnell) ; at the boiling heat it dissolves

26*7 p. c. lead-oxide in a fcAv minutes, but is decomposed by half-an-

hour's boiling therewith. (Mulder.) The compound of inulin and
lead-oxide dried at mean temperature, is white, pulverulent, partially
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deliquescent at 100, and varies in composition even when prepared
under similar circumstances (Parnell), because, by the action of the

base, the inulin is partly converted into sugar, and the sugar
into glucic acid. (Lowig, Org. Verb. 1, 363.) Inulin from dahlia-

tubers and inulin from elecampane-roots form different compounds with

oxide of lead
;
and even with the same kind of inulin, different com-

pounds, enclosing various quantities of glucate of lead, are obtained,

according to the quantities of ammonia and acetate of lead added.

(Crookwit.)

Calculation, according to

Parnell. Croock-vit.

a be
from Dahlia- from Elecam- from Dahlia-

24 C
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Lichenin.

C 1211 10 10 or C24H20CP.

PROUST. ./. Phys. 63, 81 ;
N. Gelil. 6, 502.

BERZELIUS. Schw. 7, 336. Scher. Ann. 3, 288. Lehrluch.

JOHN. Chem. Schriften, 6, 41.

GUERIN-VARRY. Ann. Chim. Phys. 56, 247 ; J. pr. Chem. 3, 346 ; abstr.

Ann. Pharm. 13, 71.

MULDER. Natuur en Schdkundig Archief, 1837, No. 4. Bull, de Neer-

land, 1838, 41
; abstr. J. pr. Chem. 15, 299 ; Ann. Pharm. 28, 279.

PAYEN. N. Ann. Sc. nat. Bot. 14, 85. Inst. 206, 128, and 145.

STEINBERG & DIETRICH. J. pr. Chem. 25, 379.

VOGEL. Liiuuza, 15, 59 ; abstr. J. pr. Chem. 25, 382.

DAVIDSON. Ed. N. Phil. J. 28, 260 ; J. pr. Chem. 20, 354.

KNOP & SCIINEDERMANN. J. pr. Chem. 40, 389. Ann. Pharm. 55, 164,

Lichen-starch, FlecJdenstarkmehl, Moosiarkmehl, Lichenine (Guerin). Formerly
classed amongst the different kinds of vegetable mums, but included by Berzelius among
the starches.

Sources. In lichens and mosses, especially in Cetraria islandica,

C. glauca, Ramelina fraxinea, R. fastigiata, Ulnea larbata, U. plicata

(Berzelius); in Parmelia parietina, P. saxatilis, Peltigera canina, Ciadonia

rangiferina, C.pyxidata, Everniafurfuracea and Delessereapinnata; in worm-
moss (the produce of about 12 species of algte) (Schmidt, Ann. Pharm.

51, 58); in Sticta pulmonacea and others. Cetraria islandica contains

inulin and starch as well as lichenin, the starch not occurring- in

granules, but forming an integrant part of the cellular membrane,
which consists of cellulose (Payen). Lichenin does not occur in

isolated granules, like starch, but as a smaller mass uniformly dis-

tributed amongst the cells (Knop & Schnedermannj. According to

Maschke J. pr Chem. 61, 1), it is formed from starch by the action of

the free acid in the Cetraria islandica, and is identical with his soluble

starch, (pp. 82, 86.)

Preparation. 1. Iceland moss is freed from the bitter principle con-

tained in it, by a process given below ; it is then boiled for two hours

with 9 pts. of water, strained boiling hot, pressed, and left to cool.

The jelly which separates on cooling is freed from water by hanging
it up in a linen cloth, or letting it lie on blotting paper. (Berzelius.)
After this treatment it is still black, but is obtained colourless by
dissolving it in boiling water and precipitating the filtrate with alo >!:"!.

(Guerin-Varry.)
Berzelius removes the bitter matter of Iceland moss by macerating

lib. of the lichen for 24 hours with 18lbs. water and T^lb. potash, and

repeatedly washing it with water, without pressure. Paycn washes suc-

cessively with ether, alcohol of sp. gr. 0'83 and 0'90, cold water, very
weak solution of carbonate of soda, aqueous hydrochloric acid of

the strength of 1 per cent., and lastly, with pure water. Davidson

macerates 1121bs. of Iceland moss for 14 days with potash-ley prepared
from 41bs. of potash, or for 6 days with milk of lime prepared from 6lbs.
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of lime, then washes with dilute sulphuric acid, and finally with water.

Chloride of lime may also be used for the maceration.

2. A large quantity of hydrochloric acid is poured upon Iceland

moss, and the clear solution obtained after diluting- and straining, is

precipitated with alcohol. The precipitated lichenin may be freed from

water, and rendered friable by repeated treatment with absolute

alcohol, and then freed from adhering hydrochloric acid by immersion
in running water. (Kiiop & Schnedermann.)

In this process, according to K. & S., two modifications of lichenin

maybe produced. a. If the mucilage prepared with fuming hydrochloric

acid, and diluted, be mixed with alcohol till turbidity ensues, then with
a little more alcohol, so- that part of the lichenin and all the dirt may
be thereby precipitated, then afterwards carefully strained, the liquid
if necessary being poured back, a clear solution is obtained from

which alcohol throws down white flocks. These flocks dried on a

hair sieve, yield a colourless transparent mass, undistinguish-
able from common starch which has been boiled and dried again.

b. When the hydrochloric acid extract is immediately precipitated
with alcohol, washed with aqueous alcohol, and boiled, a substance is

separated by filtration which is no longer colotired blue by iodine, and
exhibits the characters of Mulder's lichenin.

In a later communication, Knop and Schnedermann make the follow-

ing statement : Lichenin prepared by b swells up in water to a slippery

mass, which is coloured by iodine. If it be boiled with water, neither

the clear solution nor the jelly which forms on cooling, is coloured

blue by iodine ; but on precipitating with alcohol, the lichenin, freed

from alcohol by washing with water, is again coloured blue by iodine.

Properties. Colourless (Payen) or yellowish, hard, brittle, trans-

lucent mass, vitreous on the fractured surface. Difficult to pulverize.

Nearly inodorous ; tasteless. Permanent in the air.
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(Kirchhoff, Schw. 14, 388). 100 pts. treated with 250 pts. oil of vitriol yield

53-91 pts. anhydrous sugar. 5. Chlorine gas passed into the solution removes

any accidental brown colour, without producing further decomposition.

(Berzelius.) 6. Gently heated nitric acid dissolves lichenin with

facility, producing a non-mucilaginous fluid, while, at a higher tem-

pcrature, oxalic acid is formed, but neither inucic acid, nor stearin.

(BerzeliuS, PrOUSt.) 100 pts. lichenin set aside for a month, at a temperature of

20 to 25 in contact with GOO pts. nitric acid of sp. gr. 1'34, yield saccharic acid, and
at 40 a much larger quantity. If the liquid he heated to 60, it yields on cooling

crystals of oxalic acid, 100 pts. Hchenin producing 48*17 pts. of the hypothetical anhy-
drous acid. (Guerin.)

Combinations. Lichenin immersed in cold water slowly swells up to

a considerable mass, but without perceptibly dissolving. In boiling

water, it dissolves completely to a thick gum. The concentrated solu-

tion solidifies to a jelly on cooling. (Guerin-Varry.) The solution, if

left to evaporate, becomes covered with films soluble in water. (Guerin,

Berzelius.) The jelly gradually contracts on standing, so that the

supernatant water still retains a little lichenin in solution, becomes
covered with a crust if longer boiled, and ultimately loses the power
of gelatinising on cooling (Berzelius) ; it is thereby converted into a

gummy mass. (John.) Iodine colours lichenin greenish-brown, accord-

ing to Berzelius ; blue, according to Guerin-Varry, but much less

deeply than starch
; yellow, according to Mulder, or green from admix-

ture of starch. (Comp. Knop & Schnedermann, p. 120). The green
solution of iodine in lichenin set aside in open vessels for 24 hours,

deposits lichenin, leaving iodide of starch in solution. (Mulder.)
The decoctions of Cetraria islandica and Parmelia parietina acquire a
-fine blue colour when treated with alcoholic tincture of iodine, that of

Sticta pulmonacea becomes bluish-green ;
all these decoctions are de-

colorised by boiling ; but that of the first-mentioned lichen recovers
its blue colour on cooling. (Mulder).

In fuming hydrochloric acid, lichenin swells up to a jelly as trans-

perent as glass, from which alcohol precipitates unaltered lichenin.

(Knop & Schnedermann).
Lichenin absorbs 2*66 p. e. ammonia gas, but gives it up completely

at 100. Mulder).
With aqueous potash it forms a pale yellow, perfectly mobile solu-

tion not precipitable by acids. (Berzelius). The films which collect on
the surface of aqueous lichenin while boiling, are rendered ductile, like

turpentine, by immersion in aqueous potash. (John).
Lichenin dissolves in hot aqueous carbonate of potash, also in hot

baryta- and lime-water. (Berzelius).

Lead-compound of Lichenin. Basic acetate of lead is dropped into hot

aqueous lichenin, and the product is washed arid dried. White pre-

cipitate containing 55-26 p. c. oxide of lead (C
21H20G 20

,
4PbO = 57'9

p. c. PbO). (Mulder). It dissolves in acetic acid (Guerin). Aqueous
lichenin from Ramelina fraxinea is not precipitated by basic acetate of

lead. (Berzelius).
Lichenin is rendered slightly turbid by mcrcurous nitrate ; not pre-

cipitated by acetate of alumina or ferrous sulphate.

Infusion of galls produces a precipitate in the aqueous solution of

lichenin from Ramelina fastigiata or /f.fra.rinra. (Mulder, Phys. Chem. 225.)
Lichenin is insoluble in alcohol and in ether.
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Paramylone.

C 12HI0 10 or C24H20 20
.

GOTTLIEB. Ann. Pliarm. 75, 51 ; Pharm. Centr. 1850, 856.

In Euglena viridis, a green infusorium living in water.

Fresh Euglence, mechanically freed from adhering vegetable matter,

sand, &c., are exhausted successively with ether, 80 p. c. alcohol, and

boiling alcoholic hydrochloric acid, to remove fat, colouring matter,
and nitrogenous substance, whereby the envelopes of most of the

animalcules are lacerated, and granular paramylone is set free. From
the resulting mixture of paramylone envelopes, and uninjured animal-

cules, the two latter are for the most part removed by repeated

stirring with water and straining, the water which runs through then

depositing paramylone in a purer state. Paramylone thus prepared still

retains about 1*4 p. c. ash and membranes, which may be removed by
dissolving it in weak potash-ley, precipitating the nitrate with hydro-
chloric acid, and washing out the jelly. In the course of the preparation
a brown substance is formed by the action of the potash on the

admixed membranes : it may be removed by repeatedly dissolving the

paramylone in potash-ley and precipitating with hydrochloric acid.

Properties. White granules, which are smaller than those of

wheat-starch; and give off their adhering water at 100. After

precipitation from the potash-solution by hydrochloric acid, and

drying, it forms irregular, pale yellow, translucent, tenacious,

scarcely friable lumps, which do not give off their adhering water
below 110.

Gottlieb.
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Combinations. Paramylone is insoluble in water. That which has

been precipitated by acids swells up in water, but without gelatinis-

ing.- It is not coloured by iodine.

Paramylone does not dissolve in dilute acids, or in aqueous ammonia,
either cold or at the boiling* heat. It dissolves without decomposition
in strong potash-ley, and is precipitated therefrom by carbonic acid

almost in the pure state; by acidulated alcohol in white flocks; by
absolute alcohol in combination with a small quantity of carbonic

acid and potash. The last precipitate dries up to a yellow,
translucent mass, and gives up potash when washed with alcohol.

Paramylone is not altered by saline solutions, and is insoluble in

alcohol and ether.

Cellulose.

C12H10 10 o

FOURCROY. Systeme des Connaissances chimiqaes, 8, 87.

PROUST. J. Phys. 48, 469 ; Scher. J. 7, 707.

SAUSSURE. A. Gehl, 4, 681.

RUMFORD. Schw. 8, 160.

BRACONNOT. Ann. Chim. Phys. 12, 172 ; Schiv. 27, 328; Gill. 63, 347.

READE. L. Ed. Mag. J. 11, 421.

SCHLEIDEN. Wiegm. Arch. 1838, 59; Pogg. 43, 391. Ann. Pharm.

42, 298. Grundz. d. wissensch. Botanik, Leipzig, 1849, 1, 172.

LIEEIG. Ann. Pharm. 17, 139. 30, 266. 42, 306.

PAYEN. N. Ann. Sc. nat. Bot. 11,21 and 27. 14, ST. Compt. rend. 18,

271. Compt. rend. 48, 210 and 275 ; N. J. Pharm. 35, 88 and 185 ;

abstr. Rep. Chim. pure, 1, 270. Compt. rend. 48, 319, 326, 328, 358
and 362. Compt. rend. 48, 772 and 893; abstr. Rep. Chim. pure, 1,

359 and 434.

F. L. WINCKLER. J. pr. Chem. 17, 65.

HERMANN. J. pr. C/tem. 23, 380; 27, 165.

FROMBERG. Scheik. Onderzoek. 2, 36 ; abstr. Ann. Pharm. 48, 353 ;

J. pr. Chem. 32, 198.

v. BAUMHAUER. Scheik. Onderzoek. 2, 62 and 194 ; abstr. Ann. Pharm. 48,
356 ; J.pr. Chem. 32, 204 and 210; N. Br. Arch. 53, 68.

MULDER. Scheik. Onderzoek. 2, 76; abstr. J.pr. Chem. 32, 336. J.pr.
Chem. 39, 150.

BLONDEAU DE CAROLLES. Rev. scient. 14, 476 ; abstr. J. pr. Chem.^

32, 427.

ROCHLEDER & HELOT. Ann. Pharm. 48, 8.

SCHAFFNER. Ann. Pharm. 50, 148.

ROCHLEDER. Ann. Pharm. 50, 225.

REINSCII. Jahrl). pr. Pharm. 14, 25.

POUMAREDE & FifJuiKir. M'emoire sur le Ligneux, etc., Paris, 1847; N.
J. Pharm. 12, 81 ; J. pr. Chem. 42, 25.

CHODNEW. Ann. Pharm. 51, 393.

MITSHERLICH. Berl. Akad. Ber. 1850, 102 ; Ann. Pharm. 75, 305 ; J.

pr. Chem. 50, 144.

F. SCHULZE. Beitrdge zur Kenntniss des Lignins, Rostock, 1856 ; abstr.

Chem. Centr. 1857, 321.
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SCHWEIZER. Chem. Centr. 1858, 49; J.pr. Chem. 72, 1095. J. pr.
Chem. 78, 370 ; Rep. Chim. pure, 2, 142.

CRAMER. J. pr. Chem. 73, 1 ; Chem. Centr. 1858, 50; abstr. Compt. rend,

48, 270.

SCHLOSSBERGER. Ann. Pharm. 107, 22
; J. pr. Chem. 73, 370 ; N. Br.

Arch. 95, 145. A nn. Pharm. 110, 246; N. Jahrb. Pharm. 12, 6;
abstr. J.pr. Chem. 77, 508; Eep. Chim. pure, 1, 432.

ERDMANN & MITTENZWEY. J. pr. Chem. 76, 386; Chem. Centr. 1859,
642.

FREMY. Compt. rend. 48, 202 ; N. J. Pharm. 35, 81 ; abstr. Rep. Chim.

pure, 1, 269. Compt. rend, 48, 325 and 360. Compt. rend. 48, 667
and 862 ;

N. J. Pharm. 35, 321 and 401 ; abstr. Inst. 1855, 121 and
151 ; Rep. Chim. pure, 1, 357 and 433 ; Pharm. Vierteljahr. 9, 221.

N. J. Pharm. Inst. 1859> 357 ; Rep. Chim. pure, 1, 602 ; Chem. Centr.

1860, 4.

PELOUZE. Compt. rend. 48, 210 and 327 ; N. J. Pharm. 35, 209 ; List.

1859; Rtp. Chim. pure, 1, 272; Dingl. 151, 394.

Specially relating to Pollenin.

JOHN. Chem. Schriften, 5, 39 ; Schw. 12, 144.

BUCHHOLZ. A. Gehl. 6, 573.

FRITZSCHE. Pogg. 32, 481.

BRACONNOT. Ann. Chim. Phys. 42, 98; N. Tr. 21, 164.

HERAPATH. Chem. Soc. Qu.J. 1,1.
MUSPRATT. Ann. Pharm. 51, 280.

Specially relating to Fungin.

BRACONNOT. Ann. Chim. 79, 276.

VAUQUELIN. Schw. 12, 253.

SCHRADER. Schw. 33, 410.

PAYEN. N. Ann. Sc. not. Bot. 14, 89.

SCHLOSSBERGER & DOPPING. Ann. Pharm. 52, 113.

Woody Fibre, Lignin, Zellstoff,Pfianzen-zellstoff. Faser, Holzfaser, Pflanzenfascr,

Pflanzenfasersto/, Lignenx.
Payen and others make a distinction, between cellulose or woody fibre properly so-

called, and the encrusting matter (Turpin's sclerogen, Schulze's lignin} which they
regard as a peculiar constituent of the cellular tissue. This encrusting matter has not
however been isolated, and Schleiden (Grundzuge d. uiissensch. Bot. Leipzig, 1849, 1,

173) contests its existence as a distinct compound. The encrusting matter treated suc-

cessively with potash and iodine, assumes an orange-yellow colour, and is thereby dis-

tinguished from cellulose, which turns blue under the same circumstances. (Payen, N.
Ann. Sc. nat. Bot. ]3, 305.) Schulze's lignin dissolves in a mixture of chlorate of

potash and nitric acid, in oil of vitriol, and in a concentrated aqueous solution of chloride

of zinc (comp. Payen, N. Ann. Sc. nat. Bot. 11, 27; abstr. Compt. rend. 81, 51 ;

J.pr. Chem. 16, 436. v. Baumhauer, Scheik. Onderzoek. 2, 62; J. pr. Chem. 32,

204; Repert. 95, 220. F. Schulze, Beitr'dye zur Kentniss des Liynins, Rostock,
1856

; abstr. Chem. Centr. 1857, 321).
The substances formerly distinguished as Pollenin, Fungin or Medullin, appear to

be nothing but cellulose in various degrees of purity. A few other substances allied to

cellulose are treated in an Appendix.

Sources. 1. In the Vegetable Kingdom. Cellulose forms the

principal part of the cellular tissue of plants. It is indispensably
necessary for the formation and development of the cells (Schleiden) ;
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it is the plastic material, not only of the primary cell-wall, Imt likewise

of all the spiral or otherwise formed deposits which attach themselves

to its inner surface as the plant grows, and appear to partake of the

structure of the cell-wall itself. (Scheiden, Schulze.) Cellulose is

found in its purest state in the walls of young vegetable cells, as in the

spongioles of the rootlets, the younger organs of the leaf and flower,

the fleshy structures of certain fruits, &c. ; more frequently, however,
it is found associated or combined with foreign matters, especially in

the cell-walls of older plants, in the wood, &c. Such foreign admix-

tures, produced as the growth of the plant advances, and often very

intimately united with the cellulose are: colouring matters, fats,

resins, gum, mucus, starch, sugar, and salts, both organic and

inorganic. According to Payen, cellulose, even in the youngest parts
of plants, is united with a nitrogenous substance, resembling protein.
On Payen's matiere incrustante, sea page 124.

Fremy (Compt. rend. 48, 202) is of opinion that the cell-walls of plants

consist, not of one, but of several substances, because he finds that

ciiprammonia (see Combinations, p. 142) dissolves only the outer wall

of many vegetable cells, forming a solution from which pure cellulose

may be separated by water, and leaving an inner membrane (coloured

green by the re-agent and yielding pectic acid when treated with

acids), whereas other plant-cells are not attacked by aqueous cupram-
monia. He likewise admits the existence of various kinds of

cellulose, whose different behaviour towards solvents is not determined

by their different degrees of cohesion, inasmuch as the solubility of

cellulose in aqueous cuprammonia is not in proportion to its

cohesive power. Nevertheless, Payen (Compt. rend. 48, 210) is of

opinion that the different chemical relations of vegetable cellular mem-
branes are determined by admixtures of organic and inorganic sub-

stances, as well as by their different degrees of cohesion, which latter

cannot be measured solely by the hardness of the different substances

composed of cellulose or woody fibre. Thus, according to his obser-

vations (Compt. rend. 48, 319), the cellulose in the pith of the stem of

herbaceous and woody plants, both above and below the surface of

the soil, does not differ greatly from that which constitutes cotton and
other fibres used for spinning, and the cell-walls of the various kinds

of vegetable tissue. But after Pelouze (Compt. rend. 48, 210 and 327)
had observed that cellulose which has been dissolved in aqueous
cuprammonia and precipitated by hydrochloric acid, is much
more soluble in hydrochloric acid than natural cellulose, and that

cellulose treated with melting potash at 150 190 becomes much more
soluble in weak aqueous potash, and had thence concluded that the

latter kind of cellulose is a modification of that which occurs naturally,

Payen (Compt. rend. 48, 358) likewise recognised the existence of dif-

ferent isomeric modifications of cellulose, although he still maintained
that the skeleton of plants, the walls of the cells, fibres, and vessels

in general, consist of one and the same kind of cellulose, and that the

various conditions of cellulose in plants are determined essentially by
their state of aggregation or by the presence of foreign bodies.

Fremy on the other hand maintains (Compt. rend. 48, 67) that the dif-

ferent modifications of cellulose cannot arise from the admixture of

foreign substances, inorganic compounds, for example, inasmuch as

the solubility of cellulose ;in cuprammonia may vary, although the

amount of inorganic matter associated with it remains constant ;
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thus the insoluble pith of plants- is rendered soluble by many hours

heating to about 150 or by prolonged boiling. As isomeric modifica-
tions of natural cellulose, he distinguishes : 1. That part of the vege-
table tissue which is soluble in aqueous cuprammonia,' the true
cellulose or woody fibre; 2. The part which is insoluble in aqueous
cuprammonia, but is rendered soluble by treatment with certain

chemical re-agents : Paracellulose. The latter is found in nature associ-

ated with true cellulose, constituting the utricular tissue of the medul-

lary rays. As two further modifications, Fremy distinguishes Vascu-

lose, which forms the vascular tissue, and Fibrose, which forms the

woody tissue, both of which differ in some respects from true cellulose.

(vid. inf.)

Cellulose occurs tolerably pure in the fibre of cotton, flax, and hemp,
therefore in bleached linen ; in the byssus used for wrapping mummies
(Thomson, Ann. Pharm. 69, 128); in white (Swedish) paper. It

occurs pure (not pure, according to v. Baumhauer) in the pericarp of

Phytelephas (Payen) ; is contained, to the amount of 12 per cent, in the
manna of Eucalyptus dumosa (Anderson, N. Ed. Phil. J. 47, 132 ; J. pr.
Chem. 47, 449) ; it forms the envelopes of starch-granules (Melsens) ;

the membranes which enclose the granulose of starch-granules (Nageli,
Die Starlcmehlkdrner, 1858); it is a constituent of lignite and coal

(Sclmlze, Liob. Kopp. Jahresler. 1855, 702 and 1019).
As Pollenin. In the pollen of flowers : of tulips (John), of date-

flowers (Fourcroy & Vauquelin, A. Gehl. 1, 507), of lilies and of Cactus

speciosissimus (Herapath), in the seeds of lycopodiurn (Buchholz. A. Gehl.

6, 573). As medullin, in the pith of plants, especially of sunflowers
and of the elder-tree (John, Chem. Schrifteti, 4, 204). As Fungin
in fungi, as Agaricus volvacius, A. piperatus and A. stypticus, Boletus

juglandis, and B. pseudo-igniarius. Phallus impudicus, Merulius Cantharel-

lus, Hijdnum repandam and //. hybridum, Mucor septicus, (Braconnot,
Ann. Chim. 79, 276) ; Agaricus campestris, A. bulbosus, A. theogalus, A.
muscarius (Vauquelin, Schw. 12, 253) ;

Helvella mitra (Schrader, Schw.

33, 410). As Lichenin in the skeleton of lichens (p. 119). The cellu-

lose of Iceland moss appears to be in a state of transition between
true cellulose and starch (Fromberg). As cork cellulose: existing in

an impure state in cork, the outer bark of the cork-oak.

2. In the Animal Kingdom. Degenerated human spleen and some

parts of the human brain contain a substance resembling cellulose

(Virchow, Compt. rend. 37, 492 and 860). In the skin of silk-worms,
probably also in the wing-cases of cantharides, the shells of crabs and
lobsters (Peligot, Compt. rend. 47, 1037 ; Eep. Chim. pure, 1, 234) ; not
in the wing-cases of cockchafers or in the carapaces of craw-fish and

shrimps, therefore also probably not in the skin of the silk-worm
"(Stadeler, Ann. Pharm. Ill, 28). see Tunicin.

On the formation of cellulose in plants, see Schleiden, also Rosignon (Compt. rend.

14, 873). On the detection and estimation of cellulose, see Poggiale (N. J. Pharm.
36, 121).

Preparation. A portion of a plant containing cellulose as nearly

pure as possible such as cotton, flax-fibre, hemp-fibre, pith, &c., is

exhausted successively with water, alcohol, ether, hydrochloric acid,
and aqueous alkali, then perhaps treated with chlorine, and dried after

thorough washing.



CELLULOSE. 127

1 . Payen boils finely pulverized oak-, beech-, or acacia-wood to dryness
with potash-ley three times in succession ; washes with water, hydro-
chloric acid, ether, and alcohol ; boils with water ; treats the remaining
substance repeatedly with aqueous ammonia, potash, hydrochloric acid,

and water in succession, sometimes also suspends it in water and treats

it with chlorine ;
and finally washes it with alcohol and ether. Or he

exhausts finely divided fir-wood with water, alcohol, ether, acids, and
weak soda-ley, then with hot concentrated soda-ley, afterwards with

hydrochloric acid and water ; triturates the woody-fibre on a grindstone ;

treats it, suspended in water, with chlorine gas ; and lastly with

aqueous potash, hydrochloric acid, and water in succession. The

perisperm of Phytelephas exhausted successively with aqueous ammonia,

water, alcohol, ether, then again with alcohol, ammonia, glacial acetic

acid and water, yields pure cellulose. (Payen.)

2. Spiral vessels of Agave americana, elder-pith, or the pith of

tolacca decandra are exhausted with glacial acetic acid, water, alcohol,

and ether successively, or with one or more of these re-agents (Mulder).
White cotton is boiled for half-an- hour with dilute sulphuric acid, then
for a while with strong potash-ley, afterwards washed with water,

alcohol, ether-alcohol, and finally with boiling water. (Blondeau de

Carolles.)

3. Dried parts of plants, such as Agaricus albus, turnips or white

cabbage, or Iceland moss previously exhausted for several days with
weak soda-ley, are boiled with water, till the decoction is no longer
coloured by alcoholic iodine, and runs off nearly colourless ;

the resi-

due is repeatedly digested with soda-ley of 10 percent., till the extract

is no longer precipitated by hydrochloric acid ;
and the residue, after

being washed with waterand pressed/ is successively digested with alco-

hol heated to 30, repeatedly with ether and with dilute hydrochloric
acid (1:21), and finally exhausted with water and alcohol. (Fromberg.)

4. Finely comminuted parts of plants containing woody fibre are

macerated four times in succession for seven days each with cold potash-

ley, the residue being each time washed for a long while with water
and glacial acetic acid, and finally well boiled with water, alcohol, and
ether, (v. Baumhauer.)

5. One part of vegetable tissue is macerated for fourteen days at a

temperature of about 115 in a mixture of 12 pts. nitric acid of sp. gr.
1*160 and 18 pts. chlorate of potash cellulose being then taken up into

tlu; solution, and the residue is washed with water and with alcohol.

(Schulze.) Cellulose thus prepared is contaminated with considerable

quantities of a chlorinated substance produced by the action of chlo-

rine on the woody fibre. (Hitter, Private communication.)

6. The pith of elder-stems, burdock-roots or sunflower-stalks

gathered in August and comminuted, is exhausted successively with

water, alcohol, and ether, then with weak potash-ley, and washed with
water. (Schaffner.)

The following plants and parts of plants also finally leave cellulose

when treated as follows:

7. Finely pulverized coffee-beans arc exhausted as completely as
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possible with ether, alcohol, water, boiling weak potash-ley, boiling-
dilute hydrochloric acid, and water ; the residue rubbed up to a pulp
with water is left to itself till white flocculent cellulose has settled

down, and this deposit is dried and exhausted with absolute alcohol.

(Rochleder.) 8. Lichens are exhausted with cold water, alcohol,

aqueous ammonia, glacial acetic acid, and ether, and lastly boiled with
water (Payen) ; they are exhausted with alcoholic ammonia, weak
alcohol, ether, alcoholic potash, boiling aqueous potash, a large quan-
tity of water, boiling weak hydrochloric acid, and boiling water.

(Rochleder & Heldt.) They are steeped for four to six days in concentra-
ted hydrochloric acid renewed every day, and the residue is repeatedly
exhausted by successive treatment with alcoholic ammonia and hydro-
chloric acid, which however does not completely remove a brown
substance formed from the cetraric acid. (Kopp & Schnedermann.)
9. Pressed,*dried, and finely comminuted Coujervce are exhausted with

alcohol, aqueous ammonia, dilute soda, and potash-ley, and the residue

suspended in water is treated with chlorine, and afterwards washed
with weak hydrochloric acid, water, ether and alcohol. (Payen.)
10. Fungi, after being pressed, are exhausted with water, alcohol,
and weak aqueous potash (Braconnot), or reduced to dry powder, and
treated successively with ether, alcohol, hot ammonia, hydrochloric
acid, and weak aqueous potash, continually washed in the intervals with

water, then diffused in water and treated with chlorine, and finally

again treated with alcohol and ether. (Payen.) 11. The pollen of

tulips is exhausted successively with water, alcohol, and aqueous
potash. (John, Buchholz.) 12. Rasped cork is exhausted with alco-

hol, boiled with 8 pts. nitric acid, of sp. gr. 1-30, till the suberin is

dissolved and the wax has separated as an oily layer, and the cellulose

diffused in flocks through the acid liquid, is repeatedly washed with
alcohol. (Schlossberger & Popping, Ann. Pkarm. 52, 113.)

Properties. In the moist state colourless and translucent ;
in the

dry state, white, and nearly translucent. Different in appear-
ance according to the tissues from which it has been obtained, it either

exhibits the original structure of the vegetable tissue, or consists of a

network of fibres more or less united with one another.

Closely aggregated cellulose is obtained from ebony-, guaiac-, and

oak-wood, from the pericarp of vegetable ivory (Phytelephas), from

nuts, from nodes of grass-stems, &c ; loosely united cellulose is yielded

by cedar-, pine-, and birch-wood, the stems of grasses, herbs, &c. Very
easily separable, and at the same time very long, tough, and flexible,

are the fibres of flax, hemp, New Zealand flax (Phormium tenax\ and

cocoa-nut, the spiral vessels of the pisang, &c. ; completely separated
very flexible and tough, are the fibres of cotton and of seed-wool in

general.
Cellulose, separated from its solution in aqueous cuprammonia,

forms loose flocks, which dry up to grey, horny lumps translucent
on the edges (Schvveizer, Schlossberger) ; after precipitation with

alcohol, it forms white threads, which crumble to a white powder
when washed with hydrochloric acid (Erdmann). Sp. gr. of woody
fibre 1-25 to 1-5; of cotton, 1-24; of flax-fibre, 1'45. (Kopp. Ann.
Pharm. 35, 39.) Inodorous and tasteless.
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Calculation

According to PAYEN and MITSCHERLICH.
24 C 144 44-44
20 II 20 6-17
20 ... .. 160 , , 49-39

According to MULDER and BAUMHAUKR.
24 C 144 43-24
2t H 21 6-31
21 O ... .. 168 , 50-45

C24H20Q20 324 100-00 333 100-00

1. URE. 2. PAYEN.



130 CARBO-HYDRATES C12H10 10
.

3. FROMBERG.

c
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v. BAUMHAUER.
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13. SCHMIDT &
HECKER.
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hot alcohol and water
; c e were prepared from the substance used for analysis a : viz. c

by prolonged treatment with boiling aqueous ammonia, and washing with boiling water,

glacial acetic acid, water and alcohol, d by exhaustion with hot weak soda-ley, and

washing with boiling hydrochloric acid, warm water, alcohol and ether, eby repeated
treatment with potash-ley, glacial acetic acid, water, alcohol and ether. f was

obtained like a, and by subsequent treatment yielded g k : viz. g by steeping in cold

dilute soda-ley, h by eight days' digestion therewith, i by twice steeping in cold con-

centrated potash-ley, each time for several weeks ; g, h, and i were then further exhausted

with water, glacial acetic acid, boiling water, alcohol and ether ; k was prepared from/ by
treatment with chlorine, cold water, boiling water, alcohol and ether. Similarly / was
obtained in the same manner and treated like i, once for the preparation of m, twice for that

of n. I treated like k yielded 0. p and r were obtained by exhaustion with ether, alcohol,

boiling water, and hydrochloric acid, and p treated like i yielded the substance q. s, v,

y, obtained by exhaustion with ether, alcohol, boiling water and hydrochloric acid, yielded

t, w, z by treatment with chlorine, cold water, boiling water, alcohol and ether, and u,

x, a a, by five days' steeping in strong potash-ley, washing with cold and hot water, treat-

ment with chlorine and washing, b b was treated with boiling water and hydrochloric
acid, c c then further with strong potash-ley, chlorine, water, alcohol and ether.

5. Blondeau de Carrolles (Rev. scient. 14, 476). 6. Mulder, a /"prepared ac-

cording to 2. 7. llochleder & Heldt, a e according to 8. 8. Rochleder, according
to 7. 9. Schaffner, according to 6.

10. Chodnew. a prepared by washing with water, alcohol and ether; b by exhaus-
tion with dilute sulphuric acid

;
c by treatment with aqueous potash, weak hydrochloric

acid, water, alcohol and ether. 11. Gladstone (Mem. Chcm. Soc, 3, 412). 12. Ran-
some (Phil. Mag. J. 30, 4). 13. Schmidt & Hecker (J. pr. Chem. 40, 257).
14. Pettenkofer (Ally. Zeitung, 12 Dec. 1846). 15. Mitscherlich, b somewhat decom-

posed. 16. Knop & Schnedermann
(.7. pr. Chem. 40, 386) prepared by 8. 17. Schloss-

berger & Dopping (Ann. Pharm. 52, 113), a by 11
; 6, c, e by exhaustion with hot

water, weak aqueous potash, hydrochloric acid and alcohol
;

c? as it occurs in nature.

18. F. Schulze. a commercial paper washed; b I prepared according to 5.

19. Erdmann. Cellulose separated by alcohol from a solution of cotton in aqueous
cuprammonia. 20. Bechamp (Cornpt. rend. 37, 134; Inst. 1853, 261). Cellulose

prepared from gun-cotton, by means of a solution of protochloride of iron. 21. Weber
(Pharm. Viertelj. 7, 538; Pharm. Centr. 1858, 864): from a wasp's nest (corres-

ponding to the formula C9HSO5
).

The composition of cellulose corresponds to the formula C12H10O10
(Payen) j C24H20O2

(Mitscherlich, Gerhardt, Schulze); C 18H12OU
(Gay-Lussac & Th&iard); C18H 12 O1C

(Proust) ; C36H31O-8
(Rochleder & Heidt) ; C24H21O21

(Mulder, v. Baumhauer, Knop &
Schnedermann). According to Reade (Lond. Ed. Mag. J. 11, 421) the spiral vessels

of plants differ in composition from cellular tissue.

Decompositions. 1. Cellulose remains unaltered at common tempe-
ratures in dry air, but in moist air it rapidly passes into decay and

putrefaction (see Wood.) 2. By dry distillation it turns brown and then

black, without fusion or sensible tumefaction ; emits an empyreumatic
odour; yields a limpid, ultimately brown distillate, consisting of water,

wood-spirit, empyreumatic oil and vinegar, at the same time giving off

combustible gases ; and leaves a carbonaceous residue which burns

easily and completely in contact with the air. The pith of the elder

tree, of sunflower stalks, and of burdock roots turns brown at 210,
and becomes somewhat tough (Schaffner) ; cellulose after being
browned by heat is less hydroscopic than before (Rumford) ; even cel-

lulose prepared from coffee-beans smells when heated like that

separated from wood and not like burnt coffee. (Rochleder.)
Linen fibre carefully heated in a glass tube till it turns yellow, be-
comes thinner and more shining than cotton, which, when similarly
treated, becomes more distorted and woolly (this character may serve
for the detection of cotton in linen). (Bottger, J. pr. Chem. 30, 257 ;

Ann. Pharm. 47, 329.)

3. Cellulose when set on fire burns with flame and without leaving-
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any residue. Cotton saturated with aqueous chlorate of potash bums
away like gunpowder. (Dumas, Compt. rend. 23, 984.) Cellulose

mixed with potassium or sodium burns with a bright light and leaves

charcoal. (Gay-Lussac & Thenard.) Paper soaked in a solution of

1 pt. pearl-ash in 4 pts. water, or linen or cotton cloth soaked in a

solution of 1 pt. pearl-ash in 2 pts. water, and then dried, chars when
held in a flame, but does not take fire. (Kirchhoff, Scher. -Nord. El. 1.

122.) Cloths repeatedly steeped in alum-solution and then
moistened with ammonia, or steeped in chloride of calcium solution,
and then treated with carbonate of potash, are difficult to set on fire ;

and cloths steeped in subacetate of lead, and afterwards moistened
with sal-ammoniac, ammonia, or alum, will not take fire at all, but
when held in a flame, merely glimmer away like tinder. (Morin, J.

Pharm. 27, 296 ; J. pr. Chem. 24, 281.) The combustibility of tissues

is diminished, or they are made to burn without flame, by steeping
them in aqueous solutions of hydrochlorate, sulphate, phosphate or

borateof ammonia, orinmixtures of equal parts of hydrochlorate and phos-
phate of ammonia, or in borax, or in mixtures of equal parts of borax and
sal-ammoniac. (Gay-Lussac, Ann. Chim. Phys. 18, 211

; Schw. 34, 245.)
Tissues are rendered incombustible by steeping them in a solution

of sulphate of zinc, and then drawing them through aqueous ammonia,
so that oxide of zinc is precipitated upon them (Morin), or by steeping
in aqueous sulphate of soda (Smith, N. Phil. Mag. 34, 116 ; Dingl. Ill,

382), or in aqueous sulphate of ammonia, or in aqueous tungstate of

soda of 28 Tw. mixed with 3 p. c. phosphate of soda. Tungstate of

soda is the only salt that can be used for fabrics which have to be
washed and ironed, because the saline film which it leaves on the stuff

when dry is smooth and glossy, and allows a hot iron to pass
smoothly over its surface, a condition not fulfilled by any of the other
salts above-mentioned. The addition of phosphate of soda is to pre-
vent the formation of an insoluble bitungstate. (Versmann & Oppen-
heim, Communication read before the British Association, 15 Sept. 1859 ;

Pharm. J. Trans. [2], 1, 385; Chemical News, 1860, 20.)

4. Cellulose distilled with peroxide of manganese and sulphuric acid

yields formic acid and a peculiar substance, which may for the
most part be removed by distillation after the acid has been neutral-
ised. (Gmelin, Pogg. 16, 55.)

5. Cellulose is decomposed, with evolution of carbonic acid by
chlorine in presence of water and under the influence of heat; a
similar reaction is produced by hypochlorites. Compare Bastick's statement
with respect to starch (p. 84). Cotton, raw flax, or hemp treated for a

long time with aqueous chlorine or chloride of lime becomes pulveru-
lent, and, if heated to redness after being washed and dried, gives off

a mixture of carbonic oxide and one or more gaseous hydrocarbons
C3H4

. (Morin, Ann. Chim. Phys. 49, 311 ; Bull, univers, 50, 337; Schw.
66, 362.) Cellulose bleached with chlorine still retains a certain

quantity of that element, even after careful washing with water and
aqueous alkali. (Leykauf, J. pr. Chem. 21, 316.) On the bleaching of

paper-pulp with chloride of lime, see Darnis (Dingl. 137, 376); De Koninck (Dingl.
144, 359). By steeping in saturated chlorine-water, arid moistening
after a minute with excess of ammonia, the fibre of Phormmm tenax
becomes bright red; Italian hemp, orange-yellow, darker after a
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minute ; French hemp, after rotting- in tanks, darker, but not so

strongly coloured as the fibre of Phormium tenax. French linen is

less deeply coloured than hemp; cotton but very slightly. (Gaudi-
chaud ; Payen ; Boussingault, Compt. rend. 29, 492.)

6. By dry iodine, moist cellulose is decomposed at 150, with evolu-

tion of carbonic acid, in the same manner as by chlorine. Cellulose

is not coloured by an aqueous solution of iodine (Payeri, Schleiden) ;

but it is blued if subsequently treated with oil of vitriol (Payen,
Schleiden, Schacht), or if previously boiled with potash (Schleiden,

Mitscherlich) ;
also if subjected to the action of a solution of chloride

of zinc and iodine (F. Schulze, Schacht, Radlkofer) : see Decompositions by
oil of vitriol, potash and chloride of zinc.

The cellular tissue of the following plants is directly blued by
aqueous iodine : Cetraria islandica (Meyer) ; the embryo cells of

Scholia latifolia, Sch. speciosa, Hymencea Courbaril, Mucuna urens, and
Tamarindus indica, because they consist, not of cellulose but of vegetable

amyloid (p. 76) (Schleiden). Trecul (Compt. rend. 47, 687) rejects
this term, and regards the kind of cellular membrane which is

directly blued by iodine as in a state of transition between amorphous
starch and true cellulose. He observed the direct blueing by iodine

in the cellular tissue of several phanerogamous plants, in the epidermis
cells and the lower cuticular tissue of Omithogalum pyrenaicum, 0.

narbonense, 0. longibracteatum, Scilla autumnalis, but not constantly ;

very faintly also in the embryo-cells of Tamarindus indica and Mucuna
urens ; of various degrees of intensity, but always distinct, in the

albumen-cells of Iris psuedo-acorus, I. sibirica, &c., Tulipa sylvestris,

Omithogalum pyrenaicum^ 0. longibracteatum^ 0. narbonense, &c., Morob

iridiotdisj Ayraphis cawpanulata, &c., Hyacinthus orientalis, Uropetalum
scrotinum,) Gladiolus psittacus, Muscari racemosum, Cypella plumbea^
Scilla amcena, &c., Believalia romana, Polygonatum latifolium, &c., As-

paragus amarus, Libertia paniculata, &c. ; on the other hand, the

('inl)ryo-cells of Hymencea Courbaril were not blued, and those of Mim-

useps Kummel only after boiling for a short time with water.

7. By immersion in strong nitric acid, or in a mixture of nitric acid

and oil of vitriol, or of nitre and oil of vitriol, cellulose is converted,
without dissolving or undergoing any alteration of form, into a mix-

ture of several explosive nitrogenous compounds, called gun-cotton
or pyroxylin. More dilute nitric acid corrodes cellulose, producing
substances allied to or identical with starch, gum, pectic acid, and malic

acid, and dissolves it after prolonged boiling, in an entirely decomposed
state, producing apparently oxalic and suberic acids.

On the formation of gun-cotton (see page 168.)

Cotton, linen, or paper immersed for two or three minutes in nitric

acid of sp. gr. 1*5 acquires the texture of parchment and is rendered

impervious to light and water, because it becomes covered with a film

of xyloidin (p. 106).

Paper immersed in cold strong nitric acid swells up to a jelly,"which

gives a blue colour with iodine on isolated spots, and therefore contains

starch ; if the paper is sufficiently decomposed, it leaves, after washing
with water which appears to dissolve malic acid a translucent

brownish, compact, horny mass, which, when heated, softens, swells

up, and leaves a shining charcoal. (Gmelin).
Flax and paper become gelatinous by four days' immersion in
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fuming nitric acid, nitrous gas being at the same time evolved ; after

washing with water and aqueous ammonia, the flax is yellow, the

paper colourless, and both have the composition and structure of

woody fibre, whence it appears that the acid has merely removed

foreign matters, without converting the woody fibre into xylo'idin.

(Mulder, J. pr. Chem. 39, 150).

By immersion for a few seconds in nitric acid of ordinary strength,

hemp appears pale yellow, flax remains unaltered, New Zealand hemp
(Phormium tenax) immediately becomes blood-red ; the latter coloration

is produced, even after bleaching or after the fibre has been treated with

aqueous potash. This reaction may therefore serve for the detection

of New Zealand hemp-fibre in fabrics. (Vincent, Compt. rend. 24, 542).
The fibres of the following plants are coloured pale-red: Cocosnuce-

fera and C. aurara ; several species of Cordyline, Pandanus and Agave ;

Maurilia flexuosa ; several species of Cissus ; Phillandriun aquaticum,

Eaphanus sativus ; A baca from Manilla ; two species of Protras. (Gaudi-
chaud; Payen; Boussingault, Compt. rend.24:, 542). The colouring is due
to the iricrusting substances. (Vincent.) Cotton is scarcely or not at all

coloured by nitric acid, whereas animal fibres are coloured perma-
nently yellow. This reaction may serve for the detection of cotton

in woollen textures. (Bottger, J. pr. Chem. 30, 257 ; Ann. Pharm. 47,

329.)
Swedish paper is not at all decomposed by immersion in cold nitric

acid of sp. gr. 1'2. and but slightly in the acid heated to 100

(Mitscherlich). Deal-shavings boiled with 10 pts. commercial nitric

acid and 2 pts. water as long as red vapours are evolved, are

converted, with simultaneous formation of oxalic acid, into a white

pasty mass which, according to Sacc (N. Ann. Chim. Phys. 25, 218) is

pectic acid, according to Porter (Ann. Pharm. 71, 115), a peculiar acid

different from pectic acid, (see Pectic add).

8. By oil of vitriol woody fibre (cotton) is first rendered porous,
then dissolved, and the solution yields with water a gelatinous pre-

cipitate insoluble in water and destitute of optical rotatory power.
By prolonged immersion in the solution, this substance is converted
into a second gelatinous mass, also non-rotatory, but soluble in water

(soluble woody fibre) ; subsequently wood-dextrin is formed, a sub-

stance having much less rotatory power than dextrin from starch, and
converted into sugar by boiling with dilute sulphuric acid. (Bechamp,
Compt. rend. 42, 1213 ; N. Ann. Chim. Phys. 48, 461 ; Ann. Pharm. 100,
367 ; J. pr. Chem. 69, 449). Woody fibre heated with moderately
concentrated sulphuric acid is first converted into gum, and at the same
time into sulpholignic acid (Braconnot) ; first into dextrin (Payen,
N.Ann. Sc. nat. Bot. 10, 85), first into starch (Schleiden, Mitscherlich),
then into gum (Schleiden), into dextrin (Mitscherlich), and finally

by digestion of the solution diluted with water into sugar. (Bracon-
not.) The first product is a peculiar substance, Wackenroder's arti-

ficial starch (N. Br. Arch. 47, 170), then amyloid, and then dextrin.

(Schacht, N. Br. Arch. 47, 157). Amorphous cotton-fibre separated
by solution of common salt from its solution in aqueous cupram-
monia, is converted into sugar by boiling sulphuric acid, half an
hour sooner than cotton in its original organised state. (Schlossberger,
Ann. Pharm. 110, 247.) Cellulose, prepared from coffee-beans, is con-

verted by 36 hours' boiling with moderately strong sulphuric acid, only
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into a mass which dissolves partially, with dark colour, in water.

(Rorhledcr.) When linen or paper is heated with water containing

sulphuric acid, in a Papin's digester, to a temperature short of 200,
only a small portion of it becomes soluble, and is converted into sugar.

(Ginelin.) On the preparation of sugar and alcohol from sawdust, with sulphuric

acid, see Arnould (Compt. rend. 39, 807 ; Inst. 1854, 366).

In consequence of these alterations, cellulose which has been
treated with sulphuric acid, assumes with iodine, a violet, a blue, and

ultimately a wine-red colour. Very young cellular tissue is not
coloured blue by iodine after treatment with oil of vitriol, because it

does not yet consist of true cellulose or woody fibre ; older cellular

tissue is blued immediately under the same circumstances, and whereas

young cellular tissue treated with iodine and strong sulphuric acid,

often turns brown immediately, without blueing, older tissue requires
to be treated with concentrated sulphuric acid before it will give a
blue colour with iodine ; very old tissue requires even to be treated

with aqueous potash, before it will give the reaction with iodine and

sulphuric acid. (Trecul, Compt. rend. 47, 688.) Cellular tissue is turned
blue by iodine, if it has been previously subjected for half a minute to

the action of a mixture of 1 pt. w^ater and 3 pts. oil of vitriol

(Schleiden ; Liebig ; Schacht, N. Br. Arch. 14, 25) ;
if it be saturated

with a moderately strong solution of aqueous biniodide of potassium,
and bihydrated sulphuric acid then dropped upon it. (Schleiden).
Cotton is coloured green by tincture of iodine, if it has been previously
macerated with a mixture of 1 pt. oil of vitriol and 2 pts. water ; dark

blue, if previously treated with a mixture of 2 pts. oil of vitriol and
1 pt. water. (Reinsch). Amorphous cellulose separated from aqueous
cuprammonia, by means of common salt, acquires a fine violet or

wine-red colour without previous treatment with sulphuric acid, and
if moistened with a drop of oil of vitriol, and then treated with iodine,
it exhibits a splendid blue colour (Schlossberger, Ann. Pharm. 110, 247).

The acid solution separated by filtration from cellulose altered by
sulphuric acid, turns iodine blue, and contains a body which is thrown
down by water in white flocks, and by alcoholic iodine as a dark blue

precipitate (soluble cellulose ? Schw.). (Liebig, Reirisch.) After cotton
has been treated for an hour with oil of vitriol, the acid is no longer
precipitated by water. (Mulder, J.pr. Chem. 39, 152.)

Cellulose treated with oil of vitriol is not coloured blue by alcoholic

iodine, if it has been previously immersed in water (the iodine in this case

being merely separated.) (Liebig.) The blued cellulose loses its colour

when heated with water, and does not recover it on cooling or after

gradual addition of iodine (Liebig') ; it loses its colour in a large
quantity of water (Mulder), especially if triturated with a considerable

quantity of water, and then appears rotten ; treated with water and
alcoholic iodine, it turns brown, from precipitation of iodine

; after

being treated with oil of vitriol mixed with 1-i- pt. water, it is not
blued again by alcoholic iodine, but is decolorised by a large quantity
of water, provided however the action of the oil of vitriol has not gone
beyond a certain limit (Reinsch), that is to say, provided unaltered
cellulose is still present. (Gm.)

The blueing of cellulose which has been treated with sulphuric
acid, by iodine, is due to the formation of starch (Schleiden, Schacht,
Reinsch, Mitscherlich) ; it is no proof of the formation of starch, but
results from the formation of a body soluble in the acid but precipitated
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by water, and on which the iodine is mechanically deposited as on
starch. (Liebig, Ann. Pliarm. 42, 308.)

On the behaviour of cellulose (cotton) when treated with oil of vitriol and iodine

under the microscope, see Schacht (N. Br. Arch. 47, 157) ; Payen (Compt rend. 23,

999) ; Mitscherlich.

Cellulose, before dissolving in oil of vitriol, swells up and becomes
translucent. This property may be applied to the detection of linen

and cotton threads in woollen stuffs : when such stuffs are immersed
for a quarter of an hour in oil of vitriol, the linen and cotton fibres

swell up to a pasty mass, while the woollen threads remain unaltered.

(Bottger, J. pr. Chem. 73, 498.) Further, as cotton dissolves in oil of

vitriol more quickly than linen, the admixture of cotton with linen

may be recognised as follows. The cloth, after repeated washing with

rain-water, boiling with water, and drying-, is immersed for ^ to 2

minutes in oil of vitriol, then cautiously squeezed under water" with
the fingers, washed with water, dipped for a few seconds in solution of

carbonate of ammonia, potash or soda, and dried, after washing with

water, and drying between bibulous paper. By this treatment the
cotton fibres are dissolved, while the linen fibres are merely rendered
thinner and more translucent, according to the duration of the experi-
ment ; the cotton-fibres also become transparent after a short immersion,
while the linen fibres are still white and opaque. (Kindt, Ann. Pliarm.

61, 253.)
When paper is immersed for half a minute in oil of vitriol of 66

and immediately washed, first with pure, then with slightly ammonia-
cal water, a substance very much like parchment is obtained : the

Papyrine of Poumarede & Figuier (Mem. sur le Ligneux et sur quelques

produits qui lui sont isomeres, Paris, 1847), the Vegetable parchment of

Hofmann and Warren De La Rue (Ann. Pliarm. 112, 243 ; J.pr. Chem.

78, 488). This substance is prepared, according to Gaine (Ann. Pharm.

112, 224) by dipping unsized paper in a mixture of
-J-

vol. water and 1

vol. oil of vitriol ; according to Hofmann, in a mixture of J to \ vol. water
and 1 vol. oil of.vitriol, and washing with ammonaical water. If the

sulphuric acid is only slightly weaker the transformation is very im-

perfect ;
and if the paper be left too long in strong sulphuric acid, or

at a temperature above 15, carbonisation or solution takes place.

(Hofmann ; compare Reinsch Dingl. 156, 156 ; Chem. Centr. 1860,
491 ; Dullo, Dingl. 158, 392 ; Chem. Centr. 1860, 25.)

Such parchments may be formed not only from papers containing
flax-fibres, but likewise from those which contain cotton-fibres from
the latter, indeed, more quickly. (Dullo.) They are horny on the sur-

face only ; have the composition of pure cellulose ; five times the co-

hesion of the paper from which they are produced, and three-fourths

as much as animal parchment ; offer considerable resistance to chemi-
cal reagents ;

and when immersed in water, even at the boiling heat,

merely soften and swell up, but recover their original state when dry.

(Hofmann.)
Swedish paper, immersed for 4 weeks in oil of vitriol, became black

and hygroscopic, and contained, after deducting ash, 68'04 p. c. C.,

3'37 H., and 27'99 0. ; sulpholigriic acid was found in the solution ;

after 12 weeks, it was converted into carbonaceous matter of similar

composition. (Marchand, J. pr. Chem. 35, 199.)
Cellulose distilled with oil of vitriol (also with phosphoric acid or
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of tin) yields before carbonisation, a volatile oil, then formic

acid (sulphurous acid ? Gm.) The volatile oil smells of cinnamon arid

prussic acid. (Emmet, Sill. Am. J. 32, 140 ; J. pr. Chem. 12, 120.)

By the use of sawdust or chaff, Stenhouse obtained furfurol. (Phil.

Mag. J. 18, 122 ;
Ann Pharm. 35, 301.)

9. Cellulose is converted by strong hydrochloric acid, in the same
manner as by oil of vitriol, into soluble cellulose and wood-dextrin.

(Bechamp.) The solution of cotton in fuming- hydrochloric acid, which
is precipitable by water, does not possess any optical rotatory power.

(Bechamp, Compt. rend. 51, 255.)

10. Heated with benzoic acid to 200 for 50 or 60 hours, or in

contact with benzoic acid and oil of vitriol at ordinary temperatures,
cotton forms a compound similar to, or identical with benzo-glucose.

(Berthelot, N. Ann. Chim. Phys. 60, 111.) Cotton heated with

butyric acid and oil of vitriol to 100 for 50 or 60 hours, yields traces

of butyro-glucose (Berthelot) ;
and when heated with stearic acid to

200 for 50 or 60 hours, it yields stearo-glucose. (Berthelot.)

11. Gaseous fluoride of boron blackens cellulose almost instantly.

(Berthelot, Compt. rend. 47, 227.)

12. Cellulose heated to 150 for several days with concentrated

aqueous ammonia, is converted into a solid, brown, gummy mass,
which has a bitter taste, smells when heated like roast meat, and

deliquesces on exposure to the air. Its solution may be decolorised by
animal charcoal, and is precipitated by infusion of galls. This mass
fused with sticks of potash gives off a quantity of ammonia correspond-
ing to 2 "5 3 p. c. nitrogen, but it does not give off ammonia when
boiled with potash-ley or milk of lime. (Schiitzenberger, Zeitschr. Ch.

Pharm. 4, 65. Comp. P. Thenard, Compt. rend. 52, 444 ; abstr. R<>p.

Chim. pure, 3, 207.)

13. When cellulose is heated with 3 pts. of melting potash and a
small quantity of water for a long time, and at last nearly to redness,
it gives off hydrogen with intumescence and without separation of

charcoal, and forms oxalate of potash. (Gay-Lussac, Ann. Chim. Phys.
41, 398; Pogg. 17, 171; Schw. 58, 87.) Caustic potash at high
temperatures forms from cellulose, first formic acid, then ulmic acid.

(Peligot, Compt. rend. 9. 135.) Aqueous potash of sp. gr. 1*5 boiled with
cellulose dissolves it with brown colour; the iilmic acid contained in

the solution disappears on heating the liquid to 200 225 for four
or five hours, oxalic, acetic, formic, and carbonic acids being formed at

the same time. 100 pts. of sawdust and 300 pts. hydrate of potash
yield 70 pts. of oxalic acid, which decomposes partially when the solu-

tion is strongly heated. (Possoz, Compt. rend. 47, 907 ; J. pr. Chem.

76, 314.) When paper is fused with 4 pts. hydrate of potash, the pale

yellow mass which forms with strong intumescence, contains oxalic

acid, yielding a quantity of oxalate of lead equal to 46'4 p. c. of the

weight of the paper. (Buchncr & Ilerbergpr, licpcrt. 38, 189.)
Cellulose moistened with water, and heated in a retort with an

equal weight of hydrate of potash, yields hydrogen and a large
quantity of wood-spirit. (Peligot, Ann. Chim. Phys. 72, 208.) Wood-
shavings and linen heated in like manner with aqueous potash till the

liquid is evaporated down, give off a small quantity of water and
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enipyreumatic oil ; while the residue contains acetate of potash and
a humoi'dal substance precipitable by acids. (Braconnot.) The same
mixture more strongly heated gives off carburetted hydrogen gas, and
the residue in contact with water and oxygen forms humoid substance.

(Chevreul, Mem. du Mus. 1825, 379 ; Sprengel, Kastn. Arch. 81, 170.)
Cellulose is not altered by boiling with^weak potash-ley (Payen);

by strong potash-ley it is converted into starch (Schleiden) ; dissolved

with previous intumescence and converted into sugar. (Barreswil &
Rilliet, N. J. Pharm. 21, 205.) Hence cellulose boiled with aqueous
potash or with hydrate of potash acquires a colour varying from
violet to blue (Mitscherlich) ; similarly, vegetable cellular tissue mixed
with aqueous potash and evaporated down to a saline crust, loses its

colour again when boiled with water, becomes blue with iodine only
when again treated with potash, and is finally converted by treat-

ment with potash into ulmin. (Schleiden, Ann. Pharm. 42, 301.)
The property of linen-fibre to acquire a deep yellow colour by boiling
with a mixture of equal quantities of water and potash-hydrate,
whereas cotton is little or not at all coloured by it, is applied by
Bottger (J. pr. Chem. 30, 257 ; Ann. Pharm. 47, 329) to the detection
of cotton in linen.

14. A concentrated aqueous solution of chloride of zinc, heated with

cellulose, dissolves it with tumefaction, but without colour, and con-

verts into a modification of cellulose, afterwards into sugar. (Barres-
wil & Rilliet, N. J. Pharm. 21, 205 ; J. pr. Chem. 56, 58.)

As soon as cellulose comes in contact with aqueous chloride of zinc,
it is coloured dark blue by iodine (Barreswil & Rilliet) ; hence it is

immediately blued by an aqueous solution of iodated chloride of zinc (F.

Schulze), although no gradual solution or change of form takes place.

(Radlkofer, Ann. Pharm. 94, 332.) To prepare the solution of iodated

chloride of zinc, a solution of zinc in hydrochloric acid is evaporated to

a syrup with excess of zinc
; iodide of potassium is dissolved in it to

saturation ; iodine is then added, and the liquid is diluted, if necessary,
with water (Schacht, Das Mikroskop, &c., Berlin, 1851, 31); or better,
the neutral syrup is diluted with distilled water to sp. gr. 1'8 at 15,
and 6 p. c. iodide of potassium is dissolved in it, together with as much
iodine as it will take up. (Radlkofer.)

Paper dipped into a strong solution of chloride of zinc, is converted,
in the same manner as by sulphuric acid, into vegetable parchment.
(Dallo, Dingl. 158, 392 ; Chem. Centr. 1861, 25.)

15. When an aqueous solution of bichloride of tin is left to dry upon
cotton or linen, and then heated to 120 130, the substance is

blackened in consequence of the formation of caramelin. (Maumene,
Compt. rend. 30, 314 ; 39, 422.)

16. Cellulose is not fermentable. When slices of fresh potatoes are
immersed in water at low temperatures, together with slices of

putrifying potatoes, the cells of the fresh potatoes separate from one

another, and the filtered water contains a ferment which decomposes
slices of fresh potatoes in the same manner ; the disintegrated cellular

tissue finally dissolves, whereas the starch-granules remain unaltered.
The ferment thus produced acts only upon cellulose ; just as in the

potato-disease, only the cellulose is attacked.
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Combinations. Cellulose is insoluble in water.

With Bases. Woody fibre (linen) absorbs from 70 100 volumes
of ammonia gas. (Walter Crum, Ann. Pharm. 55, 221.)

Cellulose with Potash. When calico is immersed for 10 to 30 minutes
in syrupy potash-ley, and then washed with alcohol of sp. gr. 0'825, it

shrinks on drying to TV, and contains 1472 p. c. potash, corresponding
to the formula C24IF020,KO (calc. 14-59 p. c.) Gladstone. (Chem. Soc.

Qu. J., 5, 17.)

Cellulose with Soda. When calico is immersed for 10 30 minutes
in soda-ley of sp. gr. 1'342, and then washed with hot alcohol of

sp. gr. 0'825 it shrinks by one-fourth on drying, and contains, on the

average 9*68 p. c. soda, corresponding to the formula C24!!20^20
, NaO

(calc. 9'65 p. c.). Common unwoven cotton forms a similar compound ;

prolonged immersion or the use of stronger soda-solution appears to pro-
duce partial solution and decomposition. Cotton likewise unites with
soda in other proportions, but never with a greater quantity than that

contained in the compound above-mentioned. Water extracts all the
soda from the compound, leaving a more contracted fibre, which, when
dried, has a more brilliant aspect than ordinary woody fibre. (Glad-

stone, Chem. Soc. Qu. J. 5, 17; J. pr. Chem. 56, 247.) f. Cotton

passed through a solution of caustic alkali of 35 39 Bm., then
washed in water, in dilute sulphuric acid, and again in water, contracts

both in length and breadth, acquires increased tenacity, and takes
colours much better than ordinary cotton. The amount of alteration

varies according to the strength of the solution. The same effect is

produced by sulphuric acid of 48 Bm. at 37*5, and by chloride of zinc

solution of 64 Bm. at 65 71^. (Mercer, Rep. Patent. Invent. 1851,
358 ; Dingl. 121, 438 ; Lieb. Kopp. Jahresber. 1851, 747.) f .

Cotton does not separate alumina from solution of alum or acetate of
alumina, Walter Crum, Phil. Mag. 35, 334 ; J. pr. Chem. 50, 123 ;

Erd-
mann & Mittenzwey) ; but if the solution of acetate of alumina, ferric

acetate, or other salt containing a volatile acid is left to dry upon
cotton, the salt is decomposed after a short time, the acid volatilises,
and the base is precipitated on the cotton in so close a state of union,
that it cannot be removed by washing with water. This combination
is merely mechanical, and is limited to the inner surface of the cotton-

fibres forming a tube. (Walter Crum, Ann. Pharm. 55, 223). The
structure of cotton has no influence on its relation to the solutions of

metallic salts ; organised cotton digested for 24 hours with cold-satu-
rated aqueous solution of alum at 40 50, took up no sulphuric
acid, and only traces of alumina ; amorphous cellulose separated from
an aqueous solution of cuprammonia did not take up any thing from a
10 per cent, solution of alum. (Erdmann & Mittenzwey.)

The dyeing of cotton depends upon its mechanical surface-attraction

for certain colouring matters. (Walter Crum, Erdmann & Mittenzwey),
consequently organised as well as amorphous cotton may be dyed
(Bolley, Ann. Pharm. 106, 235 ; Dingl. 148, 142 ; J. pr. Chem. 74,

381); but it does not take up solutions of metallic salts or mordants

(Verdeil, Compt. rend. 47, 961 ; J. pr. Chem. 77, 58). To dye cotton,

flax, and hemp, in such a manner that they may not lose their colour

by washing or rubbing, the colouring matter which has penetrated
the fibre must be rendered insoluble, since these fibres, unlike those of
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wool or silk, do not possess any actual attraction for colouring matter

mixed with mordants. (Verdeil.) Runge regarded dyed cotton as a

chemical compound of the mordant-base, colouring matter, and

woody fibre ; but since dyed cotton dissolves for the most part in an

ammoniacal copper-solution, just like woody-fibre, leaving the mor-

dant-base and the colouring matter undissolved, this view can scarcely
be correct. (Bolley, Ann. Pharm. 106, 235; J. pr. Chem. 94, 381).

Cotton digested even for a long time with hydrated ferric oxide does

not take up any of the oxide. (Verdeil.)

With Copper. Cellulose dissolves in aqueous basic hyposulphate or basic

sulphate of cuprammonium (Schweizer, J. pr. Chem. 72, 109; Chem. Centr.

1858, 49) ; most easily in aqueous basic carbonate of cuprammonium (Sch-

weizer, J. pr. Chem. 76, 344), in aqueous oxide of cuprammonium (Peligot,

Compt. rend. 47, 1034). Erdmann (J. pr. Chem. 76, 385) maintains in opposition
to the opinion of Schweizer, Cramer, and others that this liquid is not a true homo-

geneous solution, but a liquid similar to gelatinous starch, merely containing the cellu-

lose in a swollen state.

To prepare the copper-solution (called Cuoxam by Cramer), basic

hyposulphate of copper (4CuO,S
2 5

) or basic sulphate of copper, is

dissolved in aqueous ammonia ; or the precipitate formed by carbonate

of soda in a solution of sulphate of copper, is dissolved, after washing
and moderate drying-, in aqueous ammonia of sp. gr. 0'945 (Schweizer);
or recently precipitated hydrated cupric oxide is dissolved in strong

aqueous ammonia (Schlossberger) ; or aqueous ammonia, mixed with

a few drops of sal-ammoniac (Schweizer), is made to trickle through
copper turnings (Peligot) ; through cementation-copper, that is to say,
metallic copper obtained by precipitation. (Peligot.) The solvent

power of the copper-solution for cellulose increases with the amount
of copper contained in it, and is diminished or completely annihilated

by acids, salts, or sugar. (Schlossberger.)
Cotton immersed in aqueous biphosphate of cuprammonium becomes

first gelatinous, then slippery, and forms an almost transparent gummy
liquid, which may be filtered after addition of water. The cotton-fibre

before dissolving in the ammoniacal copper-solution, becomes darker in

colour than the liquid itself. The degree in which it swells up depends

upon the concentration and mass of the acting solution ;
in excess of

the concentrated copper-solution, it dissolves instantly without previous
tumefaction (Cramer.) The act of solution is not attended with evo-

lution of heat. (Schweizer.)

Paper (Schweizer), hemp, and flax-fibre are acted upon by the

ammoniacal copper-solution in the same manner as cotton, excepting
that flax-fibre is not uniformly attacked, and consequently swells up in

knots here and there, and shortens at the same time, before dissolv-

ing. Many uni-cellular algae, many fungi, a few lichens, the bass-

fibres of Cinchona rubra, the pith-cells of Hoya carnosa, pappus-hairs, the

clavate masses of cellulose in the epidermal cells of Ficus elastica,

and cork (also the spongy cellular tissue of mushrooms : Fremy) are

not at all altered by the ammoniacal copper-solution ; the wood-cells

of Taxus baccata and Quercus are but slightly coloured by it ; the wood-
cells of Pinus, and the cells of Fucus vesiculosus, Caulerpa prolifera, &c.,

more distinctly ; in most cases, however, wood-cells swell up in the
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solution, and then dissolve more or less quickly. (Cramer.) From
some plant-cells aqueous cuprammonia dissolves the pure cellulose of

the outer membrane, leaving an inner membrane, which turns green,
and when treated with acids yields pectic acid ; other cells are not at

all altered by the copper-solution. Thus the bass-fibres of all plants
and the utricular tissue of fruits dissolve immediately, whereas the

pith of trees and the fibrous tissue of wood remain undissolved.

(Fremy, Compt. rend. 48, 202 and 275.) Incases in which the action

of the aqueous cuprammonia on woody fibre takes place slowly or not

at all, it is generally the presence of foreign matters in the wood-cells

that prevents the solution from coming in contact with the woody
fibre ; hence', in many cases, the action of the copper-solution may be

brought about by finer comminution of the woody fibre, or by boiling
it with nitric acid and chlorate of potash. (Cramer.) The insolubility
of woody fibre in aqueous cuprammonia may also be caused inde-

pendently of the presence of foreign bodies mixed or combined

by its state of aggregation, or because the contact of the solution

with the cellular tissue is prevented by the presence of air between
the fibres. The pith of plants, which is insoluble in aqueous cupram-
monia, dissolves when cut up. By trituration in cold water, 45 p. c.

is rendered soluble, or 75 p. c. if the insoluble pith has been dried in

vacuo at 110 before trituration. Hackled flax, and even that

which has been steeped in warm water, withstands the action of the

copper-solution for more than six hours, whereas the fibre of Swedish

paper dissolves in it immediately ; hence no conclusions as to the

existence of isomeric modifications of cellulose can be drawn from its

more or less easy solubility in aqueous cuprammonia. (Payen, Compt.
rend. 48, 772.) Those kinds of cellulose which are insoluble in aqueous
cuprammonia (excepting the spongy tissue of mushrooms) are

rendered soluble by boiling with dilute acids or aqueous alkalis.

(Fre'my, Compt. rend. 48, 275.) The solubility of cotton in aqueous
cuprammonia is not diminished by dyeing or mordanting ; it still dis-

solves, leaving the colouring matter and the mordant. (Bolley, J. pr.
Chem. 74, 381 ; Ann. Pharm. 106, 235.)

Aqueous cuprammonia dissolves a quantity of cellulose equal
in weight to the copper which it contains. (Peligot.) Its solvent

power is limited ; for when poured upon excess of cotton, it loses in a
few minutes its capacity of dissolving fresh quantities of cotton, not
even causing them to swell up. (Cramer.)

The solution of cellulose in cuprammonia is precipitated by a large
quantity of water, even without loss of ammonia by evaporation, and
the more abundantly the longer it stands (Cramer, Schlossberger,
Payeri, Erdmann) ; by acids in excess (Schweizer, Cramer, Payen), or

even by a quantity of acid not sufficient to saturate the ammonia
(Payen) ; by salts, even by sulphate of copper ; also by sugar, honey,
a thick solution of dextrin or gum, and by alcohol, but not by a strong
aqueous solution of irrea, by chloroform or by ether. The solution

when boiled gradually acquires a light blue turbidity, and on addition

of potash deposits black oxide of copper. (Schlossberger.)
The flocculent precipitate obtained with water, acids, salts, sugar,

&c., is amorphous cellulose ; it possesses all the properties of ordinary
cellulose excepting the structure (even the colouring power, according
to Bolley), and when dried, appears more or less grey, translucent,
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brittle, tasteless, not glutinous, and resembles dried starch-paste

(Schweizer) ;
if separated by alcohol, it is white after careful washing

and drying. (Erdmann.)
In contact with basic acetate of lead, cellulose (filtering paper) swells

up considerably, rendering filtration impossible, and after 48 hours is

converted into a loose thread-like tissue. The compound formed after

sufficiently prolonged contact contains^ after washing with hot water,
33*1 p. c. oxide of lead (3 PbO,2C

24H20O20 = 34-1 p. c.) (Vogel, N. Eepert.

6, 239.)
Cotton immersed in a solution of plmiibate of lime (obtained by mix-

ing neutral acetate of lead with lime till the resulting precipitate is

redissolved), abstracts the lead. (Walter Crum, Ann. Pharm. 55, 227.)
In aqueous solution of nickel-ammonia, cellulose does not swell up,

but remains colourless and undissolved. (Schlossberger, J. pr. Chem.

73, 369.)
In the indigo-vat, cellulose turns yellow, and on exposure to the air,

blue ;
but no chemical compound of cellulose with indigo is formed

(Walter Crum) ; it is not coloured by solution of indigo or of carmine

and has no attraction for these colouring matters. (Maschke, J. pr.
Chem. 76, 47.)

Cellulose is insoluble in alcohol, in ether, and in oils both fixed and

volatile.

First Appendix to Cellulose.

1. Paracellulose. The utricular tissue of the wood which forms

the medullary rays; hence also in the pith of trees. Soluble in oil of
vitriol, strong hydrochloric acid, and strong boiling potash-ley. Insoluble

in aqueous cuprammonia, but becomes soluble after 24 hours' boiling
with water, or by treatment with acids or aqueous alkalis. (Fremy,
Compt. rend. 48, 667 and 862 ; N. J. Pharm. 35, 321 and 401 ; abstr.

Instit. 1859, 121 and 151.)

2. Vascidose. The constituent which forms the vessels of wood.
To obtain it, the vessels, as they occur in nature, are first treated

with potash-ley to remove albuminoids, pectinoids and tannin, then

repeatedly with hydrochloric acid, increasing the strength each time,
and with cold oil of vitriol to remove utricular and fibrous tissues ;

and the residual matter is washed with water, alcohol, and ether.

Vasculose is insoluble in concentrated acids, soluble in strong boiling

potash-ley ; insoluble in aqueous cuprammonia, (Fremy, Compt. rend.

48, 862; N. J. Pharm. 35, 401 ; abstr. Inst. 1859, 151 ; Rep. Chim.pure,

1, 433.)

3. Fibrose. The substance which forms the fibres of wood. Wood-

shavings are boiled with strong potash-ley, arid washed with water,

alcohol, and ether. White, easily turns mouldy; according to Decaisne,
it exhibits under the microscope, the structure of woody fibre, only
somewhat enlarged by the prolonged action of the alkali. It dissolves

in oil of vitriol, without passing into dextrin, and is separated from the

solution by water as a thick translucent jelly. It is insoluble in pot-

ash-ley and in aqueous cuprammonia. (Fremy, Compt. rend. 48, 862 ;
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JV. J. Pharm. 35, 401; abstr. lust. 1859, 151; U('p. Chim. pure,
1, 433.)

4. Cutin. In the epidermis (cuticula) of leaves, petals and fruits,

together with woocly fibre, albumin, pectinoid substances and fat.

(Frerny.) According- to Payen (Compt. rend. 48, 775) all the external

parts of plants, viz., the epidermis and cuticle, consist of cellulose im-

pregnated with fats, nitrogenous bodies, and inorganic salts ; lie denies

(Compt. rend. 48, 893), the presence of any peculiar substance not con-

taining nitrogen or woody fibre.

The cuticle of leaves, or the leaves themselves, are boiled for half

an hour with weak hydrochloric acid and washed with water ; the

woody fibre is removed from the residue by aqueous cuprammonia ;

and the undissolved portion is treated successively with water, hydro-
chloric acid, weak aqueous potash, alcohol, and ether. (Fremy.)

Cutin exhibits under the microscope, the aspect of an amorphous
perforated film. It is very extensible, contains 73'GG p. c. C., 11*37 II.,
and 14-97 0., approaching in composition to the fats. (Fremy.).
According to Payen (Compt. rend. 48, 893), it is a product of the trans-

formation of the cuticle by the reagents above-mentioned, and not a

peculiar constituent contained therein.

It decomposes when heated, producing fatty acids. It is not decom-

posed by cold nitric acid, but when boiled with that acid yields all tho

products that are formed in like manner from the fats, especially
suberic acid. It is not altered by contact with cold oil of vitriol or

boiling hydrochloric acid. It is saponified by boiling concentrated

aqueous potash, and from the soap thus formed, a liquid fatty acid may
be separated, which is soluble in alcohol and ether, but appears to be
different from oleic acid. Cutin is not altered by dilute aqueous
a !kalis, by ammonia, or by any neutral solvent.

Cutin is insoluble in aqueous cuprammonia also in ether (Fremy.
Compt. rend. 48, 069 ; N. J. Pharm. 35, 321 ; abstr. Inst. 1859, 121

; itip.
C/< tin. pure, 1, 357).

5. Suberin.

FOURCROY. Systems, 8, 98 ; Scher. J. 8, 288.

CHEVREUL. Ann. Chim. G2, 323 ; N. Geld. 5, 379. Ann. Chim. 96, 155 ;

Schw. 16, 327.

DOPPING. Ann. Pharm. 45, 290.

MiTsciiERLicii. Ann-. Pharm. 75, 310; J. pr. Chem. 50, 148.

KorJcslo/,

First investigated by Brugnatelli, then by Bouillon-Lagrange,

Fourcroy, Link, and others. It is the chief constituent of Iho outer

bark of Qtiercus Itobur ; forms the cuticle of other plants (Fourcroy),
sometimes the amorphous coherent integuments of the entire

plant, sometimes only the external cellular layer of the stem,

very often several layers, as in potatoes ;
it also forms a film over the

most delicate hairs of plants, which, like cotton, are difficult to wot
with water, unless the cork has been previously removed by oxidising
substances. (Mitscherlich.) Resembles Fremy's cutin. It is modified

woody fibre. (Gerhardt, Traite, 2, 485.)
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Rasped cork is exhausted successively with water and alcohol

(Chevreul), with ether, alcohol, and water (Mulder, J. pr. Chem. 39,

155), and afterwards with dilute hydrochloric acid, which treatment,

however, does not remove cork-resin (xiii. 204), a nitrogenous sub-

stance, or woody fibre. (Dopping.)

Very light, soft, and elastic ;
of cellular structure. Reddish grey

(Dopping). Not easily wetted by water.

c
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6. Wood.

FOURCROY. Systemedes connaisances chiniiques, 8, 87.

PROUST. J. Phys. 48, 469 ; Softer. J. 7, 707.

SAUSSURE. A. GeJd. 4, 681.

I!i iiFORD. Schw. 8, 160.

BRACONNOT. Ann. Chim. Phys. 12, 172 ; Schw. 27, 328; Gilb. 63, 347.
PAYEN. N. Ann. Sc. nat. Bot. 11, 27 ;

abstr. Compt. rend. 8, 51 ; J. pr.
Chem. 16, 436.

v. BAUMIIAUER. Scheik. Onderzoek. 2, 62 ; J. pr. Chem. 32, 204. Repert.

95, 220.

BAKE. N. Br. Arch. 56,159.
CHEVANDIER. Arch. phys. nat. 8, 5 ; N. Ann. Chim. Phys. 10, 136.

Report, Compt. rend. 24, 269.

VIOLETTE. N.Ann. Chim. Phys. 23, 475 ; abstr. Compt. rend. 26, 683;

Dingl. 109, 137.

F. SCIIULZE. Beitrdg. z. Kenntniss d. Ligutns, Rostock, 1856; abstr.

Chem. Centr. 1857, 321.

FREMY. Compt. rend. 48, 862, 275 ;
Pharm. Viertelj. 9, 221.

Decomposition of Wood.

REICIIENBACH. Schw. 59, 436. 61, 175, 273, 464. 62, 46, 129,
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Wood consists, according to Paycn, v. Baumhauer, and Sclmlze

of cellulose or woody fibre, which forms the cell-walls, and of

incrusting substances deposited thereon (Sclerogen, Lignin = products
of decomposition of the decaying cells [Schleiden, Grundz. d. wiss.

JBotanik, Leipzig, 1849, 1, 172]). Fremy denies the existence of incrust-

ing substances, and supposes that the true woody tissue consists of

vasculose, which is insoluble in oil of vitriol, soluble in boiling concen-

trated potash-ley, paracellulose soluble in oil of vitriol and in boiling

potash-ley, and Jibrose soluble in oil of vitriol, but insoluble in boiling
concentrated potash-ley (see page 144). Wood likewise contains the

following substances in variable quantities, varying with the season and

locality, and with the species and age of the plant : the constituents

of the sap, such as albuminoidal substances (0*81 0*12 p. c. nitrogen,

according to Chevandier), sugar, gum, tarmic acid, &c., colouring

matters, starch (only in autumn and winter), pectose, according- to

Fremy (Payen found none), resins and volatile oils, and the ordinary
mineral constituents of plants.

The external properties of the wood depend, partly on the mode of

union of the fibres (ivory or fibrous texture), partly on the proportions
between the essential or adventitious proximate constituents. Hence
the several species of wood differ greatly in hardness, colour, and ap-

parent specific gravity. The latter, that is to say, the specific gravity
of the wood air-dried, but still containing air, varies, according to Kar-

marsch (Grundz. d. mech. Technologic, 635), from 0*383 (poplar-wood) to

1-342 (logwood). The actual specific gravity of different kinds of

wood is tolerably uniform, 1'5, according to Violette ; from 1'46

(maple) to 1'53 (oak), according to Rumford. Wood always contains

a larger quantity of carbon than cellulose ; its composition varies be-

tween very wide limits (according to the nature of the incrusting sub-

stances : Payen\ as much apparently in the same as in different

woods. The lowest and highest amounts actually found are : 46'10
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p. c. C., (beech-wood) Baer, and 5441 p. c. (oak-wood) Payon ; (beech-
wood = 54-35); 5'55 p. c. II., (box-wood) Prout, arid G'-IO p. c.

(aspen-wood) Payen; 39'32 p. c. 0., (oak-wood) Paycn, and 46-87

p. c. (beech-wood) Baer.

Decompositions. 1. Wood may be heated to 150 without sensible

alteration. At a higher temperature, decomposition begins, its course

being different according as the products are free to escape, or arc

kept in contact with the wood under increased pressure.
A. Wood exposed to a high temperature in close vessels is

converted into charcoal resembling coal and burning with flame.

(Hall, N. GeJil. 1, 612.) Perfectly dry wood of sycamore, oak, birch,

box, or poplar, heated in a sealed glass tube to 360, melts to a black

liquid which solidifies with tumefaction ; dry logwood melts to a red

liquid which solidifies to a chestnut-brown mass. Wood (even log-

wood) heated in the same manner with half its weight of water, is

converted into a substance resembling bituminous coal, and burning
with a smoky flame. (Cagniard Latour.) Wood of the berry-bearing
alder dried at 150, containing 47'51 p. c. C., 6'12 H., 46'29 0., and
0-08 ash, yields, when heated in a sealed glass tube, gases which

escape with violence when the tube is opened, a very faintly coloured,
clear or milky liquid, and a solid residue, which resembles red coal

(Rothkohle} if it has been charred between 160 and 200, black coal

(Schwarz&ohle) between 220 and 280, and caking coal if charred at
still higher temperatures. At 280 it still retains the structure of

wood; between 300 and 320 it is tumefied, at 340 fused into a
dense mass; it then amounts to 79-1 p. c. of the wood employed, and
consists of 77-07 p. c. C., 4-70 H., 14-04 0., and 3'84 ash. (Violette.)
The composition of the wood and of the residue at different temperatures, as stated by
Violette, are not in accordance with the quantity of the residue. (Hitter.) Vegetable
substances strongly pressed between moist claj^, BO that the vapours
can escape but slowly, and heated to between 200 and 300, yield a
residue resembling coal. (Baroulier, Compt. rend. 46, 376; Chem.
Centr. 1858, 368.) Firwood and water heated together in a close

vessel to 400, yielded a coaly residue, black, hard, dense, shining,
difficult to burn, arid giving off scarcely any traces of volatile matter
when heated. (Daubree, Ann. Min. [5], 12, 305.)

B. When wood previously well dried is heated in vessels which
allow free egress to the volatile products of decomposition, water is

first driven out, and there passes into the receiver, first a colourless,
then a yellowish liquid. As the temperature rises, the vapours
become smoky, the distillate continually more coloured, and smoky
gases escape. The liquid distillate becomes mixed with drops of oil, at

first mobile and slightty coloured, then continually more viscid and
dark-coloured, so that the exit-tubes are filled with black pitch liqui-
fied by the heat. The residue in the retort is charcoal (Holzkohle).
The liquids which pass over mix in the receiver and separate, when
left at rest, into two layers, an upper watery layer, which is Crude

Wood-vinegar^ or Pyroligneous 'acid, and a lower layer consisting of

Wood-tar.
In the dry distillation of hornbeam-wood (Carpinus Setulus), Woll-

ner's empyreumatic fat is obtained in the outermost receivers, floating
on the top of the empyreumatic oil; it resembles mutton-fat, has a

specific gravity of 0-979, melts at 94, and is saponified by alkalis,
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yielding glycerin. (Wollncr, Schw. 59, 454 ; Kastn. Arch. 1829, 363 ;

Berzel Jahresber. 10, 228.)
The composition of the gaseous, liquid and solid products of the

dry distillation depends partly on the constitution of the wood em-

ployed, but more on the degree and manner of heating, so that the

quantitative proportions of the several compounds vary greatly, and

many, under certain circumstances, are absent altogether. At the
lower degrees of heat, a comparatively larger quantity of oxygen arid

hydrogen is employed in the formation of water ; at higher tempera-
tures (above 300) there is a more abundant formation of acetic acid

and other oxygen-compounds, together with hydrocarbons ; the more
rapidly the heat is applied, the larger is the quantity of wood-vinegar
and tar produced, and the smaller the quantity of residual charcoal.

(Stolze, Winckler, Karsten.)
Gases. The gases evolved in the ordinary process of distilla-

tion are carbonic oxide, carbonic acid, marsh gas, and hydrogen,
containing scarcely any traces of other hydrocarbons ; but if wood is

heated as for the preparation of illuminating gas, to a temperature
considerably above that at which the liquid products of the distillation

are decomposed, olefiant gas and other hydrocarbons of higher atomic

weight are formed, at the expense of the tar. (Pettenkofer.)

The crude wood-vinegar and the wood-tar are resolved according
to the kind of treatment to which they are subjected into various
but still mixed products.

a. By distilling off 10 to 15 per cent, of the crude wood-vinegar,
Crude Wood-spirit is obtained, consisting principally of the more volatile

matters such as acetic acid, acetate of ammonia, methylic alcohol,
acetate of methyl, lignone, acetone, aldehyde, mesite, pyrocatechin,
and pyroxanthogen. It likewise contains, in greater or smaller quan-
tity (probably according to the quantity of the product distilled from
the crude wood-vinegar), volatile oils, a substance which turns brown
on exposure to the air, and bodies identical with those which remain
in larger quantity in the residue of the crude wood-vinegar, and in the
tar.

See Wood-spirit, vii. 285 ; Acetic acid, viii. 274 ; Aldehyde, viii. 283
; [Scanlan's

Liquid, ix. 55] ; Acetate of Methyl, viii. 484 ; [Acetone, ix. 1] ; Lignone, ix. 41 ;

Mesite, ix. 53; Pyroxanthin, xiv. 163. The non-bracketed bodies in this list are
mentioned in the places cited, with reference to their origin and their separation from
crude wood -spirit. Respecting Weidmann and Schweizer's Mesite and Xylite, see ix. 48 ;

also Volckel (Poyg. 83, 272 and 557) ; on Creosote and the Volatile oils of Wood-spirit,
see below.

On mixing crude French wood-spirit with water, a pale yellow
layer of oil separates, which distils over between 90 and 200, and

may be decomposed by fractional distillation after being treated with oil

of vitriol. Toluene, xylene, and cumene are then obtained in succession,
and between 164 and 168, a peculiar hydrocarbon, isomeric with
cumene and mesitylene, but differing from both. (See xiii, 338J.
(Cahours, Compt. rend. 30, 319.)

Pyrocatechin (xi, 379) occurs in crude wood-vinegar to the amount
of

-JQ- to \ per cent., likewise in all products of the distillation of

wood. (Pettenkofer, Ann. Pharm. 87, 256 ; M. Buchner. Ann. Pharm*
96, 186).

b. The residual portion of crude wood-vinegar is an aqueous solution
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of variable quantities of acetic acid, cmpyreumatic oil, and resin, and
a peculiar extractive matter called empyreumatic extract. (Berzelius.)
It likewise contains creosote, a small quantity of eupione, and other

volatile oils. (Reichenbach, comp. xi, 140.)

By boiling the residue with excess of potash-hydrate, this empy-
reumatic oil and resin are for the most part removed, while the extract

remains dissolved. If the wood-vinegar be neutralised with lead-oxide

or ammonia, neutral acetate of lead then throws down the empyreu-
matic resin, and the filtrate freed from lead by sulphuretted hydrogen,
leaves on evaporation, a nitrogenous mass resembling vegetable ex-

tract, and separated by alchohol into a soluble and an insoluble por-
tion. The empyreumatic resin still contains acetic acid ; it may be

'

further decomposed by digesting it with alcohol, and treating the dis-

solved portion with ether and soda-ley, and after prolonged boiling
with water, is converted into mould-like substances (Berzelius;
for further details, see Berzelius, Lehrb. 3 Aufl. 4, 499.)

If the distillation of the crude wood-vinegar be continued after the

crude wood-spirit has passed over, distilled wood-vinegar is obtained,
and a red-brown syrup, called wood-vinegar tar remains behind. The

former, on account of the furfurol and creosote which it contains, can-

not be obtained colourless, even after repeated rectification, and always
leaves a slight residue of wood-vinegar tar. (Volckel.)

The distilled wood-vinegar may be freed by agitation with ether,

from volatile oil, creosote, and pyroxanthogen ; the former may
likewise be removed by neutralisation with potash-ley. On boiling the

liquid nearly neutralised with potash-ley, the volatile oils are driven

off; and if the residual liquid, while still boiling, be supersaturated
with potash, it acquires a deep brown colour, and on subsequent
addition of hydrochloric acid, deposits brown flocks, probably produced

by decomposition of furfurol. By supersaturating distilled vinegar
with hydrate of lime, the solution, if immediately filtered, becomes
turbid on standing or warming, in consequence of the action of the

lime on the volatile oils. On evaporating the liquid, a yellowish brown
substance separates, while acetate of lime crystallises out, partly by
itself, partly in combination with Volckel's assamar.

The wood-vinegar tar mixed with water deposits a black-brown

viscid mass, the supernatant liquid remaining strongly coloured. If

the viscid mass be freed by repeated boiling with water from adhering
acetic acid, Viilckel's assamar, creosote and volatile oils, the residue

becomes bitter and friable, and yields to ether a red-brown resin

(softening by heat, having a pitchy odour, which it loses by prolonged

heating to 100, solidifying at the same time, and containing 70'36 p. c.

0., 7'4 H., and 22*24 0.) ; it afterwards yields to alcohol a brown sub-

stance (containing 63'9 p. c. C., 5'1 II., and 31 '0 0.), a small quantity only

remaining undissolved. This body soluble in alcohol is, according to

Volckel, produced from his assamar by elimination of water and formic

acid. (Volckel.)

c. If the wood-tar be again subjected to distillation, three layers of

liquid collect in the receiver, the upper being light tar-oil (the empyreu-

matic oil oi Berzelius), the middle consisting of wood-vinegar and water,

and the lowest, of heavy tar-oil (the empryeumatic resin and oil of

Berzelius.) When about half the tar has been distilled off, the residue

solidifies on cooling, forming the Hack pitch of commerce. If the
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entire distillate be again rectified, the liquid which passes over consists

chiefly of cupionc, so long- as it floats on the water, afterwards of creosote

when it sinks, and finally of paraffin, when grey vapours make their

appearance. (Reichenbach.) After the paraffin, chrysene and pyrene
(C

30!!12

) pasg over> (Laurcn t..)

The usual constituents of wood-tar are the following, besides small

quantities of those which pass over in greater quantity into the

crude wood-spirit and wood-vinegar, mesite (ix, 53), toluene (xii, 226),

xylcne (xiii, 116), cumene (xiii, 338), methol (xiii, 341), and a peculiar

hydrocarbon isomeric with cumene (xiii, 341); eupione (vid. inf.), creosote

(xi, 134), carbolic acid, cresol, capnomor, picamar, pittacal, cedriret,

paraffin, naphthalin, paranaphthahn, chrysene and pyrene.
The heavy tar-oil obtained in the distillation of very resinous woods

contains retcne C36!!16
(Krauss & Fehling ; Fritzsche.)

The first portions of empyreumatic oil obtained in the distillation of

wood are colourless and mobile, but the subsequent portions are yellow,

finally brown and black, and at the same time more viscid. On recti-

fying this oil per se, the same appearances arc repeated, and charcoal

is left in the retort at each distillation. But by distilling the empy-
reumatic oil, a few times with water, it is obtained colourless and

mobile, and leaves a residue of pitch. (Berzelius, Lelirb. 3 Aufl. 8,

486.) The residue left on distilling the empyreumatic oil with

water, yields to water, acetic acid and resin, while a resin is left,

identical with that obtained from glance-soot (Glanzruss). (Colin, Ann.
Chim. Phys. 12, 209.)

The first twenty litres of the volatile distillate from 600 kilo-

grammes of beechwood tar contain acid water and mesite, together
with smaller quantities of creosote, eupione, and picamar. The

picamar may be prepared from that portion of the distillate

whose specific gravity lies between 0*9 and 1*15 ; the pittacal and

capnomor from that portion of the tar obtained in the course of

the distillation which sinks in water. (Reichenbach ; for further details re-

specting this body see below.)

Light Tar-oil. This oil always passes over yellow, even after

repeated distillation, because it contains furfurol, pyroxanthogen, and
other substances. When subjected to dry distillation, it yields, be-
tween 40 and 100, a small quantity of liquid, consisting of acetate
of methyl, acetone, mesite, xylite, and products of decomposition of

the latter bodies
;
and between 100 and 200, a mixture of oxygen-

ated and non-oxygenated products. The portion which goes over
between 100 and 150, yields, when treated as directed at page 341,
vol. xiii., toluene, xylcne, oxide of mesityl, and a small quantity of

inethol; the distillate obtained between 150 and 200, yields, when
treated in like manner, methol and oxide of mesityl, and appears to

contain a small quantity of capnomor. (Volckcl, Ann. Pharm. 86, 331.)
The light volatile tar- oil appears, therefore, partly to go over with the wood- spirit,
inasmuch as Cahours found the same bodies in French wood-spirit (see page 150). Tho
volatile oil from wood-spirit examined by Kane (Ann. Pharm. 19, 168), was doubtless
also a mixture of the same bodies (Kr).

jReichenback's Eupione. Under this denomination, Reichenbach
described several bodies, probably of mixed nature. Subsequently the
name was applied to certain empyreumatic oils, agreeing with Reich-
enbach's eupione in being unalterable by oil of vitriol or by potash- ley
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16, 122.) a. Formerly (Schw. 01, 177; 62, 129; 7Jtrr. Jahrefibcr. 12,

309), Reichenbach obtained eupione from wood-tar, or from the tar of

animal substances, by freeing- the light tar-oil from all its alterable

constituents by agitation with oil of vitriol, distillation with nitre and
oil of vitriol, and digestion with potash-ley, oil of vitriol, and hot

potash-ley successively, and then rectifying the floating eupione over

potassium, as a colourless, thin, tasteless, and odourless liquid, of sp. gr.

0*74, boiling at 169, not solidifying at 20, difficult to set on fire, but

burning from a wick with a smokeless flame. This eupione is regarded
by Yolckel (Pogg. 82, 496) as a mixture of the hydrocarbons from

light tar-oil. b. More recently (J. pr. Chem. 1, 377; Berz. Jahresber.

15, 400), Reichenbach prepares eupione from the oils obtained by the

dry distillation of rape-oil, in the same manner as formerly from wood-
tar, and now obtains it as a colourless, extremely mobile liquid, of high
dispersive power, of sp. gr. 0'655 at 20, and boiling at 47. Eupione
prepared by Reichenbach did not boil when immersed in water at 80,
and contained 77-46 p. c. C., 14'31 H., and 8'23 0. (Hess, Ann. Pharm.
23, 253). From birch-wood tar, Hess (Pogg. 36, 417) obtained by
Reichenbach's method, only the heavy volatile eupione boiling between
100 and 140, and containing equal numbers of atoms of carbon arid

hydrogen ; but from oil-tar he obtained a very mobile liquid, which

passed over between 45 and 75, and was not altered by oil of vitriol.

The latter still contained oxygen, and after deducting this element, it

contained carbon and hydrogen in the atomic proportion C 10H12
;

according to Frankland (Ann. Pharm. 74, 57), it is perhaps partly or

wholly identical with hydride of amyl C 10H12
.

By repeated fractional distillation of the heavy tar-oil, a light oil

which passes over at the beginning of the distillation, and paraffin
which passes over at the end, may still be separated. When enough
carbonate of potash to neutralise the acetic acid which still adheres to

it, is added to the middle portion, an oil separates, which may be
divided, by agitation with potash-ley of sp. gr. 1-2, into an insoluble

part (which contains light volatile oil) and an alkaline solution, from
which acids separate creosote and capnomor. The portion of pine-
wood tar which distils between 150 and 220, contains carbolic acid
and cresylic alcohol. (Duclos, Ann. Pharm. 109, 135). Gorup-Besanez
could not detect carbolic acid in beech-wood tar. (Ann. Pharm. 87,

258).
Blade pitch dissolves almost completely in alcohol and in potash-ley.

When its alkaline solution is boiled, a coloured oil, possessing a stupe-
fying smell passes over ; and when made acid again, it yields volatile

fatty acids on boiling, while a black mass is deposited. On boiling this

mass with water, creosote is given off ; and if the treatment with

potash and acid, which has just been described, be several times repeated,
the black mass is converted into a black powder, which, after long
boiling with hydrochloric acid, yields to alcohol only a small quantity
of resin, and there remains a substance, insoluble in alcohol and also
in potash, and containing 65'04 p. c. carbon, 4'89 p. c. hydrogen,
and 3O07 p. c. oxygen. (Volckel.)

The residue left by the destructive distillation of wood,
the charcoal, that is, retains the structure and form of the wood
but has a smaller bulk. Between 280 and 340, it is obtained as
red coal, and at higher temperatures as black coal (comp. p. 149) ; the more
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intense the heat, the less hydrogen and oxygen does it retain, but it is not
obtained quite free from them, eyen if heated to the melting point of

platinum. The specific gravity, hardness, and conducting power of char-

coal, increase with the temperature at which it is prepared; its absorptive
power for water, and its inflammability, on the other hand, diminish as
the temperature rises. Charcoal prepared at 290 has sp. gr. 1-406,
that prepared at the melting point of platinum has sp. gr. 2 '002 ; pre-

pared at 260 280, it takes fire in the air at 340 360; prepared
at the melting point of platinum, it does not take fire below the melting
point of copper. The employment of overheated steam renders the

charring more uniform, and causes it to take place at a lower tempera-
ture than it otherwise would. Charcoal prepared by means of over-
heated steam, below the melting point of antimony (430), has the

properties of charcoal prepared without steam, at 1200. (Violette.)
The products of the distillation of peat, lignite, and coal, contain a

large proportion of the compounds obtained by distilling wood; the more
recent the formation of the substance employed, the more of them does
the distillate contain. Light, pale-coloured peat and lignite, which still

show a distinctly woody structure, yield a light tar, and an acid watery
distillate, often in such quantity that the latter might be employed for

the manufacture of wood-vinegar ; while heavy, dark, black peat and
most kinds of lignite, yield ammonia-water, and a heavy tar con-

taining volatile bases. Peat begins to decompose at 109, yielding at

first water and a small quantity of yellow, mobile oil, and afterwards
ammonia-water and tar. The various kinds of peat yield 5' 6 to 9 '2

p. c. tar, and 25 to 39 p. c. ammonia-water. Lignite is decomposed
much below red heat and yields 1*5 to 12'75 p. c. tar and 12 to 70 p. c.

ammonia-water. Peat- or lignite-tar is coffee-brown, of sp. gr.
0*880 0*975, and generally solidifies, from containing paraffin, when
cooled. In the further treatment of the tar, it is carefully freed from
ammonia-water by being heated to 100 and allowed to subside; the

heavier tars are slowly heated, common salt or Glauber's salt being added
to hasten the separation; and then the tar alone is gradually heated in

a still. Gaseous sulphide of ammonium and pyrrol-bases pass over
below 100 ; at 100, a little very strong ammonia-water and light oil

of sp. gr. 0*700 ; next follow oils of constantly increasing density in

accordance with which they are separated into various portions.
Above 200, a fresh quantity of water appears, separated out from,

carbolic acid and creosote, and, when the water has ceased to come,
oils containing paraffin. The distillation is continued till the residual

asphalt-pitch has acquired the proper degree of hardness, or until it is

entirely charred. (Vohl.) Vohl thus obtained from many different

peat-tars, from 11 to 34'6 p. c. light oil of sp. gr. 0*820, from 8*67 to

36 p. c. heavy oil of sp. gr. 0*860, from 0'424 to 8*01 p. c. paraffin, and from
11-54 to 42-4 p. c. asphalt-pitch; from lignite-tars, he obtained from
10-63 to 33'5 p. c. light oil, from 11-11 to 43*6 p. c. heavy oil, from

1-25 to 6'73 p. c. paraffin, and from 11-11 to 22-22 p. c. pitch. From
other peat-tars, he obtained 18*9 34-5 p. c. carbolic acid and creo-

sote, and 46*5 p. c. from lignite tars. The gas evolved at the begin-

ning of the distillation of peat has little or no luminosity ; later on, as

the temperature rises, it has somewhat more. In order to use peat or

lignite for the preparation of illuminating gas, they must be treated

in the same way as wood. Coal-tar is specifically heavier than the

foregoing, its sp. gr. is 1-12 1-15 (Mansfield), richer in volatile



WOOD. 155

buses, heavy oils, and generally in iiaphthaliu ;
as the last product,

however, is only produced l>y the contact of the vapours with the red-

hot sides of the retort (see xiv. 2, 3) it is not a necessary constituent,
and may be entirely wanting in tar which distils at a comparatively
low temperature. It is generally found in coal-tar, and in lar^.-r

quantity when clay retorts are used than when iron retorts are em-

ployed. The more naphthalin a tar contains, the less paraffin can be
found in it. Grace Galvert found in tar from Boghead-coal, 41 p. c.

parallin but no naphthalin, and, on the other hand, in tar from three

other kinds of coal, no paraffin, but as much as 58 p. c. naphthalin.
These tars contained 3 14 p. c. carbolic acid, 2 12 p. c. light oil,

1235 p. c. heavy oil, and 14 29 p. c. pitch. Thenius found in gas-
tar, on an average, 4 p. c. light oil, 3 p. c. pure carbolic acid, and
4 p. c. ammonia-water ;

on the contrary, he found, in tar obtained by
careful destructive distillation, more than 30 p. c. of light oil of sp. gr.
0-900. The further treatment of coal-tar on the large scale for the

purpose of obtaining its several constituents, is the same as that fol-

lowed in the Case of peat and lignite -tar. For the mode of separating the

various hydrocarbons, seexi. 135 137 ;
for the mode of separating the carbolic acid

seexi. M3.

In addition to the substances already enumerated as contained in

wood-tar, coal-tar contains rosolic and brunolic acids (Runge), propyl

(C
12IIUJ, butyl (C

16IF8
), amyl (C

20!!22
),

and caproyl (G^H
26

), [f ac-

cording to Williams's latest experiments, (Chem. Soc. J. 15, 130) these

hydrocarbons, which he formerly believed to be homologues of methyl
and ethyl, are probably homologues of marsh-gas (hydride of methyl) ;

e. g., C 12H14 = CUH1S
,H (hydride of caproyl), C 16H18 = C 1(iIIl7

,H (hydride
of capryl) &c. ^[], caproene, oenanthylene (Williams), parabenzene

(Church), cymene (Mansfield), methylamine and its homologues up to

ainylammc (Williams), aniline (Runge, Hofmann), pyridine, picoline,

lutidine, collidinc, parvoline (Williams), corridine (C
20NH16

),
rubidine

(C
22NI117

), viridinc (C
24NII19

), (Thenius), chinoline, lepidine, cryptidino,

(Williams), pyrrol (Runge), S anthracene (C
28II10

) (Laurent, Anderson).
The bases are combined with hydrosulphuric, acetic, carbonic, prussic,
and hydro-sulphocyanic acids, and, in the watery distillate and tar

from lignite and peat, with formic, propionic, and butyric acids

(Sullivan), and valerianic acid. (Vohl.)

Many of these bodies are probably also contained in wood-tar, and
have not as yet been found in it, only because they exist in too small

quantity.
The liquid hydrocarbons, with the exception of cymene which passes

into the heavy oil, are found for the most part in the light coal-tar-oil.

The boiling points of several of them lying very close together, it is

impossible to separate them by fractional distillation ; hence, according
to Anderson, the following process must be followed for this purpose.
The hydrocarbons of the general formula CnIIn are converted into bro-

mine-compounds by agitation of the mixture with bromine and water
;

the hydrocarbons CnHI1+2 and those of the benzene series, CnIIn
~6

,
which

remain unaffected by this treatment, are distilled off; the residue left

to stand, and the middle layer of the three into which it separates

repeatedly distilled with alcoholic potash and sodium, in order to repro-
duce the hydrocarbons Oil". In this way, caproene, b. p. 71 (seexi.
411. The boiling point of caproene is 55 according to Fremy [W] ) ? may be ob-

tained from that portion of the distillate from Boghead-coal which
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passes over between 71 and 77 and has sp. gr. 0*75, and cenantliyloiie,

b.p. 99 (xii. 445), from the portion which boils between 82 and 88.
(Anderson.) The liquid distilled off from the bromine-compounds is

treated with fuming
1

nitric acid, or with nitro-sulpliuric acid, whereby
the hydrocarbons of the general formula CnHn~6 are converted into

nitro-compounds ; the portion not attacked by the acids is separated,
washed with aqueous alkali, dried by means of solid potash, and recti-

fied over sodium : by this process a mixture of hydrocarbons isomeric

with the alcohol-radicals is obtained, the constituents of which can be

separated from one another by fractional distillation. (Anderson.)
Carbolic, rosolic, and brunolic acids occur principally in the heavy oil,

and naphthalin also to some extent ; but the last substance is chiefly

obtained, together with paranaphthalin, chrysene, and pyrene, by the

distillation of the pitch. The volatile bases occur, according to Hof-

mann, for the most part (to the extent of about 1 p. c.) in the heavy
oil : according to Thenius, in the light oil of sp. gr. 0*890 0*900 : and
the bases of the chinoline scries, according to Williams, in the heaviest

oil. Pyrrol and adhering hydrocarbons are removed by boiling from
the acid solution of the crude bases, obtained by shaking the oil with

sulphuric or hydrochloric acid after it has been strongly cooled to

separate the naphthalin ; the bases are then separated by caustic pot-

ash, purified by being several times alternately dissolved in acid and

separated by alkali, dried by distillation over solid potash, and the

several bases are at last separated from each other either by fractional

distillation, or, according to Williams, by fractional distillation and

by fractional crystallisation of their platinum-salts. According to

Anderson (N. Phil. Mag. J. 9, 214, 214), aniline cannot be separated

by distillation from the bases of the pyridine series ;
in order there-

fore to prepare these in a state of purity, the aniline must be previously

destroyed by nitric acid. For the preparation of the individual bases from coal-

tar, see xi. 247, 264 ; xii. 337 ; xiii. 149, 245 ; xiv. 103, 519 ; xv. 5.

The acids of the fatty acid series, together with hydrocyanic,

hydrosulpho-cyanic, and hydrosulphuric acids, are found principally
in the ammonia-water, in combination with ammonia, methylamine,
and other bases. The several constituents are not, however, strictly

separated from each other according to the principal subdivisions of

the products of distillation, but are for the most part contained, though
only in small quantity, in each of them.

The distillation of coal being commenced at a temperature at which
a part of the liquid products of distillation are decomposed, the gas so

formed always contains from the beginning luminous hydro-carbons ;

towards the end, when the heat is much increased, scarcely anything
is formed but marsh-gas and hydrogen, and at last the latter gas only.

Coal-gas generally contains sulphide of carbon vapour. The residue

of the distillation, the coke, varies in its properties in the same way
as charcoal, according to the degree of heat employed.

2. By the action of the air. A. Wood either dry or moist inclosed

with air, forms carbonic acid in the course of a few months at the

ordinary temperature. (Karaten, Berl. Acad. Ber. 1860, 38; abstr. J.

pr. Chem. 79, 226).
B. The sawdust of recently felled timber (oak and hornbeam),

pressed together and kept in a moderately warm place, enters after

some time into vinous fermentation (caused by the presence of sugar
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and albuminous substances in the sap), and yields an alcoholic distil-

late. (Chevandier.)
0. In moist air, wood decays or moulders

; whereby a distinction

is made between dry-rot and 'wet rot. When undergoing dry-rot,
which occurs when it is moderately damp and air is almost excluded,
wood retains its light colour, and often even becomes lighter, and its

elements separate in almost the same proportions as those in which

they exist in wood. Dry-rot is sometimes accompanied by evolution

of light, (i, 191). It is always accompanied by a fungoid growth, but
whether as cause or effect cannot be decided. In wet rot, moul-

dering (simultaneous decay and putrefaction), wood assumes continually
a darker and darker colour, and becomes continually richer in carbon,
mould being produced at the same time. Moist wood, putrefying" in

confined air changes the oxygen of the air into carbonic acid, but pro-
duces even more water than carbonic acid. (Saussure.) Decaying
vegetable substances putrefy in an atmosphere of hydrogen, but con-
tinue to evolve carbonic acid (Saussure) ; hence Liebig assumes that

the formation of carbonic acid during decay is due to the oxygen of

the substance, and that the oxygen of the air unites with the

hydrogen of the body undergoing decay. From Mayer's and Will's

analyses of oak-wood mould, and from Gay-Lussac & Thenard's

analyses of oak-wood, he concludes that 1 at. carbonic acid is formed
for every atom of water. Hermann found 186*3 volumes of air, with
which 21 volumes of putrefying wood had been in contact for five

days, diminished by 4'3 volumes, 3'5 vols. nitrogen and 27'8 vols.

ox}
T

gen having been replaced by 27'0 vols. carbonic acid. In 262 vols.

of air, 13 vols. nitrogen and 27 vols. oxygen were replaced by 40 vols.

carbonic acid after ten days contact with 28 vols. rotting (not com-,

pletely rotten) wood. By making the arbitrary assumption that, in

the last case, the water with which the wood was moistened,
absorbed "about" 13 vols. carbonic acid, Hermann concluded from
these experiments, that, in the production of mould, nitrogen is taken

up from the air and nitrogenous mould and ammonia formed, and that,
in the decay of fresh wood, 4 measures of carbonic acid are formed for

every 1 measure of nitrogen and 2 measures of oxygen. (Since, how-

ever, the air contained in the rotting wood, which contains, according'
to Dessaignes (i. 192), a great deal of carbonic acid but only a little

oxygen, is not taken into account here, it is more likely that the

differences in the proportion of nitrogen in the air are caused by the

exchange of nitrogen for carbonic acid existing ready formed in the
wood: hitter.) He assumes the formula C38I122 22 to represent the

composition of wood, and expresses its decompositions during putre-
faction by the following equations :

a. C SGII22 22
-}- 0* + N = 4 CO2 + 4 HO + C32NII18 14

(Nl-

troUri).
b. Further decomposition of the nitrolin : 5 C 32NII 18 14 + 5S +

N 3
'

5 = CTON3 '5IP5 23
(Hohlmmussciure) + 2 C 3SNHM0" (Humusextract)

+ 3 NH3 + 26 CO2 + 14 HO;
or, 4 C^NIPG 1 * + O50 + W5 = C70N3WG23

(HoMinmussiitire)
+ C 32NII1G U

(Humusextract) + 3 NIP + 26C02 + 12 HO.
He supposes that 1 at. of the ammonia thus formed remains combined
with the " Holzhumussaurc," and that 2 at. volatilise.

c. Further decomposition of " Holzhumussaure :

"
6 C70

1\
3 5II35C28

+ O9 + N3
'

5= 5 C 18NIP09

(Ilummquelkaiire) + 1 1 C30N 15H 12 9 + 33 HO ;
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d. " Torfsatzsaure :" CaoN 1-5H 12O9 + 12HO + O3
-j- N-5 = 2C15NH 12 12

.

Mulder assumes the existence from the first in rotting" wood, of crenic

acid, C24H12 16
, apocrenic acid, C48H12 24

,
and ulmic acid, C40H 14 12

,
the

first of which disappears when air has free access. He assumes that,
in general, oxygen is thereby absorbed from the air, but that only a
little carbonic acid is formed. This applies especially to the incrusting
substance ;

in the case of cellulose (C
24H21 21

, according to Mulder) he

supposes a simple splitting' up, without absorption of oxygen ; thus,
2 C24H21 21 = C40H14 12

(ulmic acid) + 8 CO2 + 14 HO + Hu
; or,

5 C^H^O21 = C40II14 12
(ulmic acid) + C24H12 16

(crenic acid) +
C 48Hi2 24

(apocrenic acid) + 8 CO2 + 37 HO + H30
. Hence, and from

the processes which he supposes to take place in the further oxidation

of the constituents of mould to carbonic acid (e.g., C40H14 12 +
C24Hi2 i6 + C48H12 24 + O 172 = 112 CO3 + 38 H), he assumes that

probably in most cases a large excess of hydrogen remains, and sup-
poses that it is not wholly oxidised by the air

; and that, when air has

only partial access, carbonic oxide and carburetted hydrogen are
formed instead of carbonic acid, the excess of hydrogen uniting with

nitrogen from the air to form ammonia. He seeks to support this

view by the observation that mould, as it occurs in nature, always
contains ammonia, and by the experiments already quoted (vii, 94), in

which he left substances free from nitrogen in contact either with air

or water only, or with air, water, and charcoal, and so obtained
ammonia or (nitrogenous) mould. The yield of ammonia in these

experiments, seems to have been greater in proportion as the raw
material, from which the non-nitrogenous substance was prepared,
was richer in nitrogen. Cane-sugar yielded but little, milk-sugar
much more, while starch acquired a distinct smell of cheese, and evolved

gas.
D. When the supply of air is very limited, as under water con-

taining air, the decay of wood assumes still more the character of

putrefaction. Carbonic acid and marsh-gas are evolved, and the
formation of peat (principally from the lower marsh-plants mixed with

only occasional woody particles), of lignite (brown coal), and (after a very
long time) of coal, takes place, accompanied by a fungoid growth,
mostly of an acid character. Many kinds of lignite contain hydrogen
and oxygen in the proportion to form water. The lignite of Ring-
kuhl has been formed from oak-wood by the loss of carbonic acid and
water. (Liebig.) Assuming that heat and pressure have not
exerted an influence, arid that atmospheric oxygen has not had access,
the formation of lignite must have been accompanied by absorption of

oxygen and evolution of carbonic acid, marsh-gas, and water. (Bis-

choff, J.pr. Chem. 31, 329.)The piles of ancient bridges are sometimes
almost entirely converted by river-water into a brown, easily powdered
mass. (Herve-Mangon, Bidl. Soc. d'Encouragement, 1857, 634.) Ap-
parently well preserved wood from an ancient fortification on the

sea-coast, near Carthage, contained 58'9 p. c. ash and 31*6 p. c. organic

matter, consisting, when dried at 120, of 58'9 60*0 p. c. C.,

5.3 _ 5-9 p. c . H., 0-6 p. c. N., and 33'5 35'0 p. c, 0., and therefore

approximating to the composition of lignite. (Peligot, Com.pt. rend.

44, 933.) Elevation of temperature may produce the same result as

length of time in decay of this kind. Wood and plants heated in

water, with access of air, to 100 in the day-time and to 62 75 at

night, during 1 2 years, were converted into lignite, but not into
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coal even after 2^- years' heating'. With the addition of a quantity of

green vitriol, equal to 1 p. c. of the vegetable matter, they became like

coal. ((Juppci!, Pogg. 72, 174; J. pr. Chem. 42, 56.) Concerning the

preservation of Wood see vii, 112.

3. Action ofthe air at high temperatures. A. With limited access of air:

Charcoal-burning, Distillation of Tar, Manufacture of Lamp-black. These

processes are essentially the same as dry distillation, the only differ-

ence being that, instead of heat being applied externally, it is generated
by the partial combustion of the substance operated upon. The pro-
ducts are therefore nearly the same. In charcoal-burning, the vapour
is not condensed. In the manufacture of lamp-black it is decomposed,
partly by more air being allowed to have access, partly by exposure
to a high temperature in a flue of masonry which very soon becomes

red-hot, in such a way that almost all the hydrogen is burnt, and
imtl ling remains but finely divided carbon mixed with naphthalin and
small quantities of ammonia and of a substance resembling mould.

Concerning the empyreumatic oil obtained in the distillation of tar see p. 151.

Soot contains many salts, chiefly carbonates, muriates, sulphates,

phosphates, and acetates of ammonia, potash, lime, and magnesia. It

yields to water 56 p. c. of soluble matter, and from the residue 18'5 p.c.

of ulmin can be extracted by alkalis. The aqueous solution also con-

tains ulmin. When evaporated to an extract, ether, employed either

alone or with addition of hydrochloric acid, takes up from it a light

yellow, bitter oil, which dissolves in a large quantity of water, and is

precipitated from its aqueous solution by sugar of lead, at first with a

yellow, afterwards with a green colour, and is also precipitated by
tincture of galls, and is further soluble in alcohol, but not in oil of tur-

pentine, and is decomposed by heat or by nitric acid. This substance

is Braconnot's Asbolin. When the aqueous solution of soot is precipi-
tated by sugar of lead, and the liquid evaporated to the consistence of

honey after the excess of lead has been removed by sulphuretted

hydrogen, alcohol precipitates from the residue Braconnot's animal

matter of soot. This body deposits reddish-yellow, transparent scales

by solution in water and evaporation, and yields empyreumatic oil and
carbonate of ammonia by destructive distillation. (Braconnot, Ann.
Ch'un. Phys. 31, 37, & 53.) Lamp-black also contains many salts and
a resin resembling asphalt, which can be extracted by oil of turpen-
tine, and further broken up by alcohol. (Braconnot.) By dis-

tillation, either alone or with water, it yields empyreumatic oil and

naphthalin ; the latter body is also found sublimed inside the lids of

the casks in which lamp-black is kept. (Keichenbach, Schw. 61, 188.)
Acids give, in the alkaline extract of soot, a precipitate which, after

being dried at 140, boiled with alcohol, and again dried at 140. still

contains naphthalin, which must therefore exist chemically combined
with ammonia and humic acid. (Mulder, J. pr. Chem. 21, 331.)
lance-soot (a compact carbonaceous deposit which collects in flues

where wood is burned) is only slightly soluble in alcohol, but dissolves

easily in soda-ley, giving a solution which becomes gelatinous.

(Mac Cnllock, Edinb. J. of Sc. 1, 321.)
B. With free access of air, wood burns with a luminous flame, the

gases and vapours generated by the heat of the combustion itself

being immediately and completely burnt without smoke when the air
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is renewed with sufficient rapidity, but with production of smoke when
the air is not quickly enough renewed. The smoke condenses in the

chimneys of the fire-places to glance-soot, which contains the ingre-
dients mentioned in the case of lamp-black but in larger proportions.
Concerning Hiinefeld's acid of carbon-vapour (Kohlendunstsaure) See J. pr. Chem.
7, 29.

4. Deal sawdust did not change colour when kept several

years in water free from air. (Saussurc. Ann. Pharm. 42, 276)
5. Chlorine attacks principally the incrusting substance: the cellulose of

wood it attacks but slightly or riot at all. (Payen ; comp. Cellulose p. 134.)
G. Wood is blackened by contact with oil of vitriol (pp. 136 138)

7. By concentrated nitric acid, it is converted without change of form
into substances resembling pyroxylin (p. 135) which explode by heat ;

it is coloured yellow or brown according to the quantity of foreign
substances mixed with it. Nitric acid extracts colouring matter from

ebony-wood without injuring its tissue. (Dutrochet). Oak, fir- and

pine-wood became gelatinous by lying four days in fuming nitric acid ;

when afterwards washed with aqueous ammonia, they became yellow,
and again colourless when washed with water ; under the microscope
they exhibited a cellular structure, and, after being boiled out with al-

cohol, they had the composition of cellulose (43 '72 to 44*20 p. c. C.,

5-92 to 5-99 p. c. IL, 49*84 to 50*36 0.). No xyloidin is thus formed.

(Mulder.) Deal sawdust, dried at 100, yields oxalic and pectic
acids when boiled with 2 pts. water and 5 pts. nitric acid. (Sacc, N.
Ann. Chim. Phys. 25, 218; J. pr. Chem. 46, 360). Concerning Sacc's pectic
acid see below.

8. When treated with aqueous alkalis, wood becomes less rich in

carbon, because incrusting matter is removed and cellulose remains in

a state of greater or less purity. (Payen.) (Comp. Cellulose p. 144, Fremy.)
Sawdust gives oxalic acid and hydrogen by the action of fused

potash, in the same way as cellulose. (Gay-Lussac, N. Ann. Chim.

Phys. 41, 398; Por/g. 17, 171.) When evaporated to dryness with

equal quantities of potash and water, almost the whole quantity of

wood is dissolved and converted into ulmin at the instant of frothing

up (Braconnot) ; the whole quantity of wood remains almost always
unaltered. (Schleidcn, Ann. Pharm. 42, 302.)

9. In the manufacture of white lead by the Dutch process (v. 124),
the boards which are exposed to the action of the air, carbonic acid,

aqueous vapour, acetic acid, and ammonia at an elevated temperature,
become, after being- used 8 or 10 times, each time for 30 to 40 days,
brown or black, light, crumbly, burn almost without flame, and con-

tain a large quantity of ammonia and other salts, together with mould.

(Payen, N. Ann. Chim. Phys. 16, 231.) 10. Wood exposed to the

action of water, particularly of sea-water, in contact with iron and air,

becomes at first black, from the formation of a compound of ferroso-

ferric oxide, and soon afterwards, the ferric oxide acting as a carrier

of oxygen, crumbly and pulverisable ;
hence iron nails cannot be used

in shipbuilding. (Kuhlmann.)

Interpolation.

1. Cedriret. Obtained from beech-wood tar-oil. The oil is freed

from acetic acid by neutralisation with carbonate of potash, mixed
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with concentrated potash-Icy, the oil which swims on the top of the

ley removed, and the ley neutralised with acetic acid. Part of the

dissolved oil is thus separated out, while another part remains in

combination with the acetate of potash, from which it may be obtained

by distillation. As soon as a drop of the distillate gives a red preci-

pitate with aqueous ferric sulphate, the remainder is collected apart.
When treated with ferric sulphate or with bichromate of potash and
tartaric acid, this portion becomes red, and, on standing-, deposits red

needles of cedriret. -Thin red needles, which decompose when heated,

without melting. Inflammable, burning away without residue. Dis-

solves in oil of vitriol with indigo-blue colour, which becomes yellow-
brown by heat or dilution. Decomposed by concentrated, not by
dilute nitric acid. Slightly soluble in boiling acetic acid, not precipit-
able by ammonia. Soluble with purple colour in creosote, precipitated

crystalline by alcohol ; not soluble in other solvents. (Reichenbaeh,
Berzd. Jahresb. 15, 408.) Volckel (Ann. Pharm. 86, 102) did not
succeed in obtaining Reichenbach's cedriret.

2. Creosote. Appendix to vol. xi, page 139. Hlasiwetz & Barth

obtained, by fractional distillation in a stream of hydrogen, a creosote

which distilled between 205 and 210, and contained 74-57 p. c. C.,

8'09 p. c. II., and 17'34 p. c. 0. It consists, according to them, of a

compound called creosol, C 16II 10
0*, since it gives, when treated with

potassium in a stream of hydrogen, compounds containing C 16KHaO*

and C32KH19 8
(and bodies of similar composition when treated with

ammonia, hydrate of baryta, bromine, and other bodies) and at the

same time a second substance, not yet isolated. When treated with

potassium, it yields by evaporation a small quantity of. a colourless oil

which is more fluid than creosote, no longer becomes solid with potash-

hydrate, distils for the most part between 193 and 195, and contains

on an average 75 '4 p. c. C., and 8'8 p. c. II., but which still indicates

the presence of creosote when tested with alcoholic ferric chloride.

The products obtained from creosote by distillation with lime, or by
long boiling with potash, are probably, according to them, mixtures

resulting from the decomposition of the creosote and of the second con-

stituent. (Hlasiwetz, Ann. Pharm. 106, 339 : for details see the original paper.)

3. Capnomor. When heavy beech-wood tar-oil is agitated, as for

the preparation of creosote, with potash-ley of sp. gr. 1*20, capnomor
dissolves together with the creosote. The insoluble oil floating on the
surface is removed; the alkaline solution is boiled for some time, cooled,
and supersaturated with sulphuric acid; and the dark-brown oil which

separates is distilled after the addition of a little caustic potash ; the
distillate is shaken up with potash-ley of sp. gr. 1*16 ; the undissolved

portion removed; and the alkaline solution boiled, cooled, treated with

sulphuric acid; and the mixture of creosote and capnomor, which sepa-
rates, is distilled as before. The same treatment is repeated three

times more with the product, but each time more dilute potash-ley is

used, viz. : first of sp. gr. 1-12, then of sp. gr. 1-08, and lastly of

sp. gr. 1'05. The undissolved oils all contain capnomor, but the portion
which remained undissolved when treated with the dilutcst potasli-loy
contains the most. This is accordingly mixed with an equal quantity
of oil of vitriol (whereby it is heated and coloured red), and, when
cold, diluted with water ; it is freed from the oil which swims on tlie

surface, and then neutralised with ammonia. The oil which thus
VOL. XV. M
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separates is also removed, and the clear liquid distilled ; capnomor
then passes over towards the end of the distillation, and is again dis-

solved in sulphuric acid, the solution diluted with water, neutralised

with ammonia, and redistilled. The product thus obtained is washed
with potash-ley and rectified, the portion which passes over below 185

and whose specific gravity does not exceed 0*98, being collected.

Colourless oil, refracts light strongly, has an agreeable aromatic smell ;

sp. gr. 0*9775, at 20 ; boiling point, 185. Neutral. Sums with a

smokeless flame
; permanent in the air ; not affected by boiling with

red lead, oxide of copper, or mercuric oxide, but reduces permanganic acid,

acetate of silver, and tercldoride of gold, the last to the metallic state.

Decomposed by bromine and chlorine ; coloured green and then brown

by nitric acid of sp. gr. 1*45 ; decomposed, when heated with strong
nitric acid, with formation of oxalic and picric acids and peculiar

crystals. Coloured purple-red by oil of vitriol of sp. gr. T85; black,

by hot oil of vitriol. Water or aqueous alkalis do not separate any cap-
nomor from the purple-red solution ; but, the acid solution partially
saturated with potash, deposits a combination of capnomor with acid

sulphate of potash, which dissolves again on heating, and crystallises

by cooling in cauliflower-like shapes, and does not yield any capnomor
to alcohol. Capnomor is but little changed by 2^otassium or sodium. It

dissolves several salts, several alkaloids, and many other vegetable
substances ; it causes caoutchouc to swell up, and dissolves it with

the aid of heat. It dissolves in 300 pts. of boiling glacial acetic acid,

arid in all proportions in alcohol, ether, acetic ether, acetone, fusel oil, oil of

turpentine, and creosote. (Reicheribach, J. pr. Chem. 1, 1
;

Berzel.

Jahresb. 15, 402,) According to Vb'lckel, Keichenbach's capnomor does

not exist ready formed in tar-oil, but is produced during the treatment

with sulphuric acid. Volckel, obtains his capnomor [which, however,

Gorup-Besanez (xi, 142, 145, 149) and Hlasiwetz (p. 161) regard as a

product of the decomposition of creosote] by dissolving commercial

creosote in excess of strong potash-ley, separating the undissolved

oil, and boiling the alkaline solution for a long time after dilution with

water (see xi, 149). The capnomor, which passes over with the

watery vapour, is freed from creosote by agitation with strong potash-

ley, then distilled with water, washed with dilute sulphuric acid, and
after removal of the water, distilled by itself over chloride of calcium.

Thus obtained, it begins to boil at 180, the greater part distilling

between 200 and 208 ; but, owing to a slight alteration caused by
distillation, it leaves a small, viscid, dark-coloured residue. The portions

distilling between 200 and 208 have sp. gr. 0-995 at 15'5, and a

constant composition (on an average 81-22 p. c. C., 7'82 p. c. II., and

10-96 p.c. 0.) corresponding to the formula C20HU 2
. The same

capnomor seems to be formed by the distillation of creosote with lime

(xi, 149). (Volckel, Ann. Pharm. 86, 99.)

4. Picamar. Obtained from that portion of the heavy tar-oil which

on fractional distillation passes over with sp. gr. between 0*9 and 1-15.

{Berzelius, Jahresb. 13, 354. Subsequently Reichenbach employs only
tar-oil of sp. gr. 1-081-16.) The tar-oil is mixed with 8 pts. potash-

ley of sp. gr. 1-16, allowed to stand for a few daysin the cold, whereby
picamar-potash gradually crystallises out (often occupying more than

one-half the bulk of the liquid) ; the crystals are separated, purified by
repeated crystallisation from boiling potash-ley, until the ley runs off
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colourless, and decomposed by dilute phosphoric (or hydrochloric) acid ;

and the separated oil is rectified two or three times over dilute phosphoric

acid, and lastly alone in vacuo. Nearly colourless, transparent, thick

oil ; refracts light strongly ; unctuous to the touch. Does not solidify

at 20 ; boiling point 285 with 715 mm. pressure ; sp. gr. T10 at 20.
It has a faint and not unpleasant smell; its taste is unbearably bitter

and burning, but the after-taste cooling like peppermint. Neutral.

Becomes brown by boiling in the air
; not inflammable by itself, but burns

in a wick, or when heated, with a bright, smoky flame. Chlorine con-

verts it into mould, and an oil insoluble in potash-ley ; with bromine it

gets hot and is coloured red-brown. Nitric acid changes it into a red-

brown, greasy mass, without forming oxalic acid; oil of vitriol does

not attack it below 150. Slightly soluble in water. With caustic

potash (and likewise with ammonia, soda, baryta, and lime) it gives a

crystallisable compound, which is decomposed by water or alcohol, but

not by carbonic acid. Dissolves in oil of vitriol without decomposition
below 150 ; easily soluble in acetic acid; soluble in all proportions in

wood-spirit, alcohol, ether, acetic ether, creosote, and sulphide of carbon. It

dissolves sugar of lead, cupric acetate, camphor, oil of turpentine, resin,

picric, and benzoic acids. (Reichenbach, Berzel. Jahresb. 13, 354 ; Schw.

67, 274 ; 68, 295, and 351.) Volckel (Ann. Pharm. 86, 103), could not

succeed in obtaining Reicheribach's picamar.

5. Pittacal is produced by addition of baryta-water to impure
alcoholic picamar, or to heavy tar-oil, the acids of which are not quite
neutralized by caustic potash. It gives to the liquid a beautiful indigo-
blue colour, which changes after some time into red or black. No
method for preparing it in the pure state is given. Thrown down
from its solutions as a flocculent precipitate, or obtained by evaporation,

pittacal forms a dark-blue, brittle, staining mass, having the appearance
of indigo, and a coppery or golden metallic lustre. It has no taste or

smell, and is fixed and neutral. Unalterable by light and air. Becomes
brown like mould at a high temperature and chars, giving off an ammo-
niacal smell. Nitric acid decomposes it. It is not properly speaking-
soluble in water, but is so finely divided when shaken up with water
that the mixture passes clear through a filter. It dissolves with crimson

colour in diluted sulphuric or hydrochloric acid, and abundantly with
aurora-red colour in acetic acid; alkalis restore the original blue colour:

the smallest trace of ammonia suffices to do so in the acetic acid-solu-

tion. It is quite insoluble in free aqueous alkalis, and is precipi-
tated by them from its aqueous or acid solution in blue flakes, which

appear, under the microscope, to be made up of fine needles. It forms
a black-blue combination with lime, and beautiful dark-blue precipi-

tates, which are unaffected by caustic ammonia in excess, with (even
slightly acid) solutions of sugar of lead, salt of tin, sulphate of cupram-
'/,/ottium, acetate of alumina, &c. By means of salt of tin and acetate of

alumina, it can be made to dye cotton, wool, and linen. It is insoluble

in alcohol, ether, and eupion. (Reichenbach, Schw. 68, 1.) Volckel

(Ann. Pharm. 86, 103) did not succeed in obtaining Reichenbach's

pittacal.

6. Erunolic acid. Produced, at the same time as rosolic acid

(xi, 153), by treatment of coal-tar with alkalis. Preparation xi, 153,
154. ,A vitreous, shining, easily pulvcrisable mass resembling

M 2
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asphalt. Most of its compounds are brown and insoluble. It dis-

solves in alcohol. (Runge, Pogg. 31, 71.)

Second Appendix to Cellulose.

1. Ligno-sulphtiric Acid.

BRACONNOT. Ann. Chim. PJiys. 12, 185; ScJnv. 27, 340; Gill). 63, 3GO.

BLONDEAU DE CAROLLES. Rev. sclent. 14, 476 ; J. pr. Chem. 32, 459.

MARCHAND. J. pr. Chem. 35, 200.

Holzschivefekaurc, Pflanzenschwqfeh'durc ; Acide veyeto-sulfurique on sulfo-

ligniqtic.

The copulated acid formed by the action of oil of vitrol on cellulose is identical,

according to Gerhardt (Traitt, 2, 548), with sulphamidonic acid. If, however, as

Bechamp's investigations render probable, cellulose-dextrin is different from starch-

dextrin, it will follow that there must be a difference between the two acids, even

though existing experiments do not suffice to prove it. (Kr.)

Formation. By the action of oil of vitriol on hemp, linen, cotton,

or paper ; the gum (Bechamp's cellulose-dextrin) which is first formed,

uniting- with the sulphuric acid. (Braconnot.)

Preparation. The solution obtained by triturating cotton-wool

with oil of vitriol is mixed, as soon as it is clear, with a large quantity
of water, and the solution is neutralised with carbonate of lead or car-

bonate of baryta; from the resulting solution of ligno-sulphate of lead

or of baryta hydrosulphuric or carbonic acid separates ligno-sul-

phuric acid ; the solution is evaporated to dryness, the residue dis-

solved in water and precipitated with ether-alcohol. (Blondeau.)
Marchand allows oil of vitriol to stand for four weeks upon Swedish

paper, neutralises the diluted solution with lime, and separates the

acid from the lime-salt.

Properties. Uncrystallisable, strongly acid syrup.
Becomes brown at a gentle heat, and blackens below 100, yielding

sulphuric acid and charcoal ; it blackens more quickly above 100, and

evolves sulphurous acid. (Braconnot.) The aqueous acid splits up
into sulphuric acid and dextrin when heated. (Blondeau.)

Combinations. Deliquesces in the air and dissolves easily in water.

With Bases. Ligno-sulphates. The aqueous acid dissolves

metallic oxides and carbonates and forms amorphous deliquescent
salts. (Braconnot.) These salts evolve sulphurous acid when heated

and leave a residue of sulphate and charcoal. (Braconnot.) The

baryta -salt and lead-salt are decomposed by carbonic acid. (Blondeau.)

Ligno-sulphate of Baryta. The aqueous solution of this salt ob-

tained in the preparation of ligno-sulphuric acid is evaporated in vacua.

(Blondeau.)
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Calculation according to Blondcau de Carolles.

Blond, de Carolles.

18 C 108 .... 24-79 .... 24-46

19 H 19 .... 4-36 .... 4-25

19 152 .... 34-92 .... 3G-19

2 SO3 80 .... 18-37 .... 18-00
BaO 76-5 .... 17-56 .... 17'10

C18H 18O13,2S03,BaO,HO 435'5 .... ICO'OO .... lOO'OO

Ligno-sulphate of Lime. a. By saturating the aqueous acid, obtained
as above described, with chalk and evaporating the filtrate, a colourless

gum is obtained, which is easily decomposed by heat, is deliquescent
and readily soluble in water. b. The solution obtained by the action

of oil of vitriol on cellulose for 12 hours is diluted and saturated

with chalk ; the solution evaporated in vacuo, gives a pale yellow mass,
which is decomposed by heat in the same way as the lead-salt. c.

Oil of vitriol is allowed to act on cellulose for 24 hours, and the pro-
duct treated as in b. (Blondeau.)

Blondeau de Carolles. Marchand.

C
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2. Ternitrocellulose.

= C24X3H17 20
.

BECIIAMP. N. Ann. Chim. Phys. 46, 342; abstr. Compt. rend. 41, 817;

J.pr. Chem. 68, 51.

Cellulose trinitrique. (Be'champ.)

Formation. 1. By the action of alcoholic potash on pyroxylin dis-

solved in ether-alcohol, whereby two-thirds of the nitrogen separate as

nitrate of potash. (Bechamp. Comp. p. 178) 2. In the preparation of

gun-cotton with nitric acid of sp. gr. 1'41 1'45, the chief product is

tcrnitrocellulose ; quintonitrocellulose is also formed when fuming
nitric is used. (Gladstone, 'Mem. Chem. Soc. 3, 412.)

Properties. When freshly precipitated, resembles gelatinous silica ;

shrinks to an amorphous yellowish gum by drying at the common

temperature or at 100. Hard and pulverisable. (Bechamp.)

24 C
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Soluble in ether. (Bccliamp.) Fibrous ternitroccllulose dissolves
with difficulty in alcohol, ether, ether-alcohol, and acetic ether ; powdery
ternitroccllulose dissolves easily in these liquids, also in glacial acetic

acid. (Gladstone.)

3. Quadrinitrocellulose.

C'-WIF'O37 =

BECHAMP. N.Ann. Chim. Phys. 37, 207; /. pr. Chem. 68, 15. N.
Ann. Chim. Phys. 46, 347.

Cellulose tetranitrique.

Formation and Preparation. The thick solution of pyroxylin in

40 pts. ether and 15 pts. alcohol of 86 p. c. becomes quite fluid when
ammonia gas is passed into it for half an hour, and, when then poured
into a large quantity of water, yields quadrinitrocellulose in the form
of a white powder.

Properties. A light, white powder, without taste or smell ; be-
comes electric by friction. When dried over oil of vitriol at 20, it

retains 1*73 p. c. water, which goes off slowly at 100 (1 at.

110 = 1'72 p. c.)

24 C
4 N
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4. Pyroxylin.

OTTO (1846). Avgsb. Allg. Zeitvng, vom 5 Octlr. 1856; J. pr. Chem.

40, 193 ; abstr. Compt. rend 23, 807.

SCIIONBEIN & BOTTGER. Allg. Zeitunfj. 1847, Nro. 3, Beilage, 21 ; Fogg.

70, 320 ; Compt. rend. 23, 678.

DUMAS. Compt. rend. 23, 806 and 983.

SCHONBEIN. Bibl. wiivers. [4] 3, 18; Ann. des Scienc. phys. natur. 4, 20
and 28.

PELOUZE. Compt. rend. 23, 809, 838, 861, 892 and 1020. Compt. rend.

24, 2 ; J. pr. Chem. 40, 414.

KNOP. Compt. rend. 23, 808.

AVEROS. Compt. rend. 23, 874; J. pr. Chem. 40, 197.

FORDOS & GELIS. Comj)t. rend. 23, 982.

GAUDIN. Compt. rend. 23, 980 and 1099 ; abstr. J. pr. Chem. 40, 418.

PAYEN. Compt. rend. 23, 999 and 1096. Compt. rend. 24, 81.

COTTEREAU. Compt. rend. 23, 1157; abstr. J. pr. ChemAQ, 418.

MENARD & FLORES DOMONTE. Recueil des trav. de la Soc. Pharm. 1847,

104; abstr. N. J. Pharm. 12, 159. Compt. rend. 23, 1087.

Compt. rend. 24, 87 ; abstr. J. pr. Chem. 40, 421. Compt. rend.

24, 390.

VAN KERCKIIOFF. Compt. rend. 23, 1140; J. pr. Chem. 40, 284.

VAN KERCKHOFF & REUTER. J. pr. Chem. 40, 262.

SCHMIDT & HECKER. J. pr. Chem. 257.

PELIGOT. Compt. rend. 23, 1085.

DE VRIJ. Compt. rend. 24, 19 ; abstr. J. pr. Chem. 40, 420.

SOBRERO. Compt. rend. 24, 247 ; abstr. J. pr. Chem. 40, 421.

IvANSOME. Phil. Mag. J. 30, 1.

PORRETT & TESCHEMACHER. Phil. Mag. J. 30, 273 ; Mem. Chem. Soc.

3, 258.

PORRETT. Phil. Mag. J. 30, 409 ; Mem. Chem. Soc. 3, 287 ; J. pr.
Chem. 41, 208.

WALTER CRUM. Phil. Mag. J. 30, 426 ; J. pr. Chem. 41, 201 ; Ann.
Pharm. 62, 233.

GLADSTONE. Mem. Chem. Soc. 3, 412; Pharm. J. Trans. 11, 401.

JEAN. Compt. rend. 24, 1053.
SOUBEIRAN. N. J. Pharm. 14, 263.

BECHAMP. N. Ann. Chim. Phys. 37, 207 ;
abstr. Compt, rend. 35, 473 ;

/ns*. 1852, 318; N. J. Pharm. 22, 440; J. pr. Chem. 58, 15;
Pharm. Centr. 1852, 823. Compt. rend. 37, 134; Inst. 1853, 261;
J.pr. Chem. 60, 187; Pharm. Centr. 1853, 703. JV. Ann. Chim.

Phys. 46, 338; abstr. Compt. rend. 41, 817; J.pr. Chem. 68,51.
MANN. J.pr. Chem. 59, 241.

HADOW. Chem. Soc. Qu. J. 7, 201 ; Chem. Centr. 1855, .202 ; J. pr.
Chem. 64, 169.

Gun-cotton. Schiesslaumwolle, Explodirende Baumicolle. Pyroxyle (Pelouze),
Fulmin (Marx), Colon azotique (Gaudin), hypoazotiquc (Payen), Colon fulminant,
Tissui diolectrique cxplosif (Meynier), Cellulose mtree or pentanitrique (Bechamp),
Poudre^coton, Coton-poudre, Fulmicoton.

The explosive substances prepared by Pelouze in 1838 (Compt. rend. 7, 713 ;
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J, pr. Chem. 16, 168), by treating cotton-wool, paper, and hemp with nitric acid, were

regarded as identical with xyloVdin, until Schonbein in 1846 announced the discovery of

explosive cotton-wool applicable as a substitute for gunpowder. The method of pre-

paring it, which he kept secret, or at any rate a method which equally yielded pyroxylin,
was immediately afterwards discovered by Bb'ttger and by Otto, and published

by the latter. Knop afterwards advantageously substituted mtro-sulphuric acid for

the concentrated nitric acid employed by Otto in the preparation of pyroxylin.

Pyroxylin prepared according to the methods given below seldom

consists of a single substance, but is, for the most part, a mixture of

several compounds, apparently of ter-, quadri-, and quintonitrocellu-

lose, the latter of which chiefly prevails, and is perhaps under certain

conditions obtained by itself. (For details see below.)

Formation. 1. By treating cotton-wool with fuming nitric acid.

(Otto.) Ter- and quinto-nitrocellulose are thus formed. (Gladstone.) 2. By
treatment with nitro-sulphuric acid. (Knop.) 3. By treatment with

a freshly prepared mixture of saltpetre and oil of vitriol. (Millon &
Gaudin). Pyroxylin prepared according to 2 and 3 consists essen-

tially of quinto-nitrocellulose. (Gladstone, Bechamp.) Paper (Pc-

louze), wood, and sawdust are similarly converted into explosive

compounds by treatment with the above mixtures. (Bley, Compt.
rend. 23, 809 ; comp. also Bonjean, Compt. rend. 24, 190) ; also the epider-
mis of the cactus. (Payen.)

In the transformation of cotton into pyroxylin, water is the only
other product formed. (Pelouze and others.)

An explosive substance whose identity with pyroxylin seems
doubtful (see p. 86 and p. 10G) is likewise formed by dissolving starch

in nitrosulphuric acid (De Vrij, Compt. rend. 24, 19), or by dissolving

xylo'idin in nitric acid and precipitating with sulphuric acid. (Cottereau,

Compt. rend. 24, 205.)

Preparation. Purified cotton-wool is immersed in an appropriate
mixture of saltpetre and oil of vitriol, or of nitric acid and oil of vitriol,

allowed to remain in it a shorter or a longer time according to the

degree of concentration and the temperature of the mixture, then

washed, first with rain-water, afterwards with distilled water, till the

adhering acid is completely removed, and finally dried. For the pre-

paration of collodion, or pyroxylin soluble in ether-alcohol, the acid

mixtures employed are different from those used for the preparation of

explosive pyroxylin, as will be seen from what follows.

a. TO obtain explosive pyroxylin. Purified cotton-wool is immersed in

a mixture, previously cooled to 10 or 15, of 1 measure nitric acid of

sp. gr. 1*45 1-50 with 3 measures oil of vitriol of sp. gr. 1-85, and
the imbibition of the acid is rendered as uniform as possible by stir-

ring and dividing the wool. The greater part of the acid is removed
from the cotton-wool by pressing it with a pestle ; it is then allowed

to stand for an hour ; washed in a stream of water till all acid reaction

has disappeared, and finally with a very dilute solution of potash, and
dried at 65. (Schonbein, Dingl 104, 450; Lieb. Kopp. Jahresber.

1847-1848, 1142.)

b. To obtain pyroxylin soluble in ether-alcohol (collodion-wool). 1 Olincc of

cotton-wool is plunged into a mixture (which should be prepared



170 CARBO-HYDRATES C12H10O10
.

immediately before use) of 16 oz. saltpetre, 12 oz. common oil of vitriol,

and 12 oz. Nordhausen sulphuric acid
; it is stirred without interruption

for 5 minutes ; the whole contents of the vessel are then poured into'a

large quantity of hot water ; and the cotton is collected, and washed in

a tin colander till all adhering acid is thoroughly removed. (N. Br.

Arch. 104, 274.) If the operation is performed with the foregoing
quantities, and the saltpetre thrown cold into the acid, the mixture

possesses, immediately after being made, a temperature of 68 71,
which is the temperature which answers best for the preparation of

collodion-wool.

1. Preliminary treatment of the cotton-wool. The cotton is boiled for

gome hours with weak soda-ley, and then well washed with water,
next with very dilute hydrochloric acid, and lastly again, with water,

(van Kerchoff & Reuter.) Carded cotton is treated successively, at

the boiling heat, with weak soda-ley, solution of chloride of lime, dilute

nitric acid, and water. (Walter Crum.) Schmidt & Ilecker chop up
the cotton-wool till it becomes like cloth-shearers' dust. Berard*(Po//?/.
Centr. 1858, 892) employs cotton-shearings (Scherflocken der Baumivolle)
of which the same quantity of acid can moisten a larger quantity than
of carded cotton.

2. Processes with nitric acid alone. Cleaned cotton-wool dipped for

half a minute into fuming nitric acid, then immediately into frequently
renewed water, so as perfectly to remove all adhering acid, and dried,

is changed into an explosive substance, which explodes under the

hammer like fulminating mercury, and burns away like gunpowder
when touched with a spark. (Otto, J. pr. Chem. 40, 193.) 100 pts.

cotton-wool left in contact with nitric acid, Avhether for a few minutes

or for several days, yield 168 170 pts. pyroxylin. (Pelouze, Compt.
rend. 23, 892 ; J. pr. Chem. 40, 200.)

By dissolving cotton-wool in nitric acid of sp. gr. 1*45 and precipi-

tating the solution with water, ternitrocellulose is obtained. (Glad-

stone, Chem. Soc. Mem. 3, 412.)

3. Processes with nitro-sulphuric acid. 1 pt. (or more : Knop} fuming
nitric acid is mixed with 1 pt. oil of vitriol and allowed to stand (at

least 3 minutes : van Kerckho/fy Eeuter) a few minutes or longer (Knop).
For 1 measure oil of vitriol, Pelouze takes 1 measure fuming nitric

acid ;
Walter Crum takes 3 measures ; Ransome, 2 measures ; Mey-

nier (Compt. rend. 26, 44) f measure. Gaudin immerses the cotton-

wool for a few seconds ; Meynier and Walter Crum for an hour. De

Vrij mixes the cotton-wool rapidly with nitric acid, warms the mixture

to 30 or 35, and precipitates the solution (which is at first thick and

turbid, but afterwards becomes clear) with oil of vitriol.

Edwards (J". Chim. med. 25, 54) prepares collodion-wool with equal
measures of oil of vitriol and of nitric acid of sp. gr. 1*52, allowing the

mixture to act for 1 minute ; Hadow uses 104 pts. oil of vitriol of sp.

gr. 1-833 and 89 pts. nitric acid of sp. gr. 1-424, and operates at 55.
If the acids are either too concentrated or too dilute, they do not give

soluble collodion-wool ; the following are, however, good proportions :

13 pts. sulphuric acid of sp. gr. 1-632, 12 pts. nitric acid of sp. gr.

1-512-1-518, and 1 pt. cotton-wool ; or, 45 pts. sulphuric acid of

sp. gr. 1-75, 12 pts. nitric acid of sp. gr. 1-512-1-518, and 1 pt. cotton-

wool. The mixture is cooled to 5, the cotton-wool stirred in, and the
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whole allowed to stand for 24 hours in a covered vessel at 5-8.
At 40-50, one hour suffices for the action, the collodion-wool

obtained is not however always equally good. Collodion-wool which

has been rendered insoluble by using too strong sulphuric acid may be

made soluble by treatment with the proper mixture of acids; and,

inversely, soluble collodion-wool can be rendered insoluble by very
concentrated acids. (Mann.)

Hadow added to a mixture of 1 at. nitric acid (N0
5

,IIO), with 2 at.

sulphuric acid (SO
3
,HO), quantities of water increasing from 1 to 5

atoms, and obtained with the resulting liquids pyroxylin of variable

properties. 100 pts. cotton-wool, dried at 100, were converted, by
several hours' action of the mixture N05

,HO+ 2(S0
3

,HO)+ HO, into

177 pts. pyroxylin (weighed after drying in vacuo over oil of vitriol),

which was insoluble in ether-alcohol. 100 pts. cotton-wool acted on

by the mixture N05,HO+ 2(S0
3

,IIO)+ 2IIO became 176 pts. pyroxylin,
and with the mixture N05

,II04-2(S0
3
,IIO)+ 3IIO, 171-7 pts. pyroxylin,

like the first, nearly insoluble. Mixtures of nitric and sulphuric acid in

the above proportions, but containing 3-^-, 3-|, 4, and 5 atoms water

yielded respectively 166-4, 160'5, 157, and 140 pts. of a product soluble

in ether-alcohol, but repetition of the experiments did not give exactly
the same results. At 15, the mixture N05,HO+ 2(S0

3

HO)+ 3110

gave a product soluble in ether-alcohol; at 55, a product insoluble

in ether-alcohol. Mixtures containing more water yielded soluble pro-
ducts at both temperatures ;

but the pyroxylin prepared at a low

temperature formed thick, glutinous solutions ; that prepared at a

higher temperature perfectly fluid solutions. (Hadow.)
When the acid mixture is saturated with hyponitric acid, it attacks

the cotton-wool more violently ;
but yields a slightly explosive pro-

duct, which dissolves in ether-alcohol ; whereas nitro-sulphuric acid,

containing no hyponitric acid, yields a large quantity of highly explo-
sive pyroxylin. (Pelouze, Compt. rend. 24, 86.)

c. Processes with saltpetre and oil of vitriol. All these processes aim at the

production of collodion-wool. Mialhe (N. J. Pharm. 24, 263) employs, for

1 pt. cotton-wool, 20 pts. dry saltpetre and 30 pts. fuming sulphuric

acid, and allows the action to go on for 3 minutes. Livonius (N. J.

Pharm. 16, 122) and Magnes-Lahens (N. J. Pharm. 16, 353) operate
in the same way, but employ common oil of vitriol and allow the

action to continue for 5 minutes.

Mann recommends as the best mixture 20 pts. saltpetre, and 31 pts.
oil of vitriol of sp. gr. 1-83 to 1-835 ; he allows the mixture to cool to

below 50, and then lets 1 pt. cotton-wool lie in it for 24 hours at 28
or 30. If the cotton-wool remains for 5 or 6 days in the mixture, at

about 30, the product is all the better; if the action is only continued

for 16 or 20 minutes the product is imperfect. He also obtained good
collodion-wool with the following mixtures : 1 pt. cotton-wool to

10 pts. saltpetre and 33 pts. sulphuric acid of sp. gr. 1-80; 1 pt.

cotton-wool to 17 pts. nitrate of soda and 68 pts. sulphuric acid of

sp. gr. 1-79, or to 34 pts. nitrate of soda and 66 pts. sulphuric acid of

sp. gr. 1-80. When nitrate of soda is used, the acid mixture is allowed

to stand 24 hours before the cotton-wool is put into it ; the cotton-

wool is then left in it for 5 days at 30.

According to Legray (Gerhardt, Traite, 2, 509) excellent collodion

for photographic purposes, and completely soluble in ether, is obtained
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by operating as follows : 80 grammes powdered nitrate of potash is

placed in a capacious dish, 120 grammes concentrated sulphuric acid is

poured upon it, and the whole well mixed ; 4 grammes cotton-wool is

then added and stirred about in the mixture for 10 minutes, after

which it is taken out and thoroughly washed with water ; the product
is injured by allowing it to remain in the acid for a longer time.

In order to obtain soluble collodion-wool with a mixture of 2 pts.

saltpetre and 3 pts. oil of vitriol, the cotton-wool should be dipped
into the mixture while it is still warm from the heat produced in the

reaction, not after it has cooled. (Bechamp.) The following experiments
confirm this statement, but according to the results obtained by Mann, it appears that,

when less concentrated sulphuric acid is employed, long continuance of the action pro-
duces the same result as an increase of temperature. [Kr.] See also Hadow, p.

1 oz. cotton-wool, immersed in a mixture of 16 oz. dried saltpetre
and 24 oz. Nordhausen sulphuric acid at 81, yields 127 p. c. pyroxylin,
insoluble in ether, and but slightly explosive.

With common sulphuric acid, instead of Nordhausen acid, 109 p. c.

pyroxylin, of similar properties, is obtained by 10 minutes' action at

56, 102 p. c. by ^ hour's action (or, with constant stirring, 108 p. c.

explosive, partially soluble pyroxylin), and only 36 p. c. by 1 hour's

action. On the other hand the mixture of 16 oz. saltpetre, 12 oz.

Nordhausen acid, and 12 oz. common sulphuric acid, mentioned at

p. 169, yields with 1 oz. cotton-wool, at 68-71, 123 p. c. soluble

collodion-wool in 3 to 4 minutes, but only 102 p. c. in 20 to 25 minutes.

Insoluble collodion can also be rendered soluble by treatment with

this mixture.

^[. Pyroxylin soluble in alcohol may be obtained by immersing
cotton-wool in a mixture of 4 pts. by weight of sulphuric acid of sp. gr.

1'84 and 3 pts. nitric acid of sp. gr. 1*40 ; decanting the acid after

five minutes' immersion ; pouring the pyroxylin into a bucket of water;

agitating it, with frequent renewal of the water ; leaving it immersed

over night ; repeating the washings in the morning ;
and then spread-

ing it out on a table to dry. The washing must be performed with

care, as the pyroxylin is of pulverulent texture, and is easily washed

away. The strength of the acids used in the preparation is of especial

importance ;
if they are too weak, the cotton dissolves ; if too strong,

the pyroxylin produced is insoluble in alcohol. (Sutton, Ee'p. Chim.

app. 4, 145). If.

100 pts. cotton-wool yield 154 pts. pyroxylin (Teschcmachcr &
Porrett) ; 169 pts. (Teschcmachcr); 177'9 pts. (Walter Crum); 150-

170 pts. (Fehling) ; 168-170 pts. (Pelouzc ; 100 pts. Swedish paper

yield 175 pts. pyroxylin: Pelouze) ; 169 pts. (Hecker & Schmidt);
176-2 pts. (van Kerckhoff & Keuter) ; 173-175*2 pts. according to

Sclionbein's process (Gladstone, Lieb. Kopp. Jaliresber. 1847-1848,

1137); 164-1 pts. (Ransome) ; 142-175 pts., varying according to the

quantity and degree of concentration of the acids (Gladstone) ;

201*5 pts. (Soubrisseau.)

Properties. Pyroxylin prepared from cotton-wool retains the exter-

nal properties of the wool, but is usually somewhat harsher to the

touch. It has neither taste nor smell, and is neutral to moistened litmus-

paper. By friction it becomes more strongly electric than cat's skin ;

it crackles, yields sparks, and is phosphorescent in the dark. (Gaiffe,

Compt. rend. 24, 88.) The fibres of pyroxylin seen under the micro-
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scope, by polarised light, exhibit very little brightness, and scarcely
any play of colours; whereas the fibres of common cotton-wool appear
bright and show a beautiful play of colours in the dimmest light.

(Kindt, Porjg. 70, 168.)

Calculations.

b.

24 C
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ducts examined by Gladstone, Pelouze, Schmidt and Hecker, and van Kerckhoff &
Reuter. The formula d, first proposed by Pelouze, is also adopted by Bechamp ; this

chemist obtained from pyroxylin on an average 56*77 p.c. cotton- wool (cale. 57'14 p.c.)

See also below.

Febling gives the formula C24H20O20,4NO5
, according to which the formation of

pyroxylin must be supposed to be accompanied by elimination of water from the nitric

acid only, at least for the product examined by Roser & Krauss. The rapid dilution of

the acids used for preparing pyroxylin is in opposition to this view. Schonbein &

Bottger's formula, C9HCN2O13
, is inadmissible, seeing that no second carbonised product

is formed. Ransome's formula, C12H8O10,2NO5
, which involves the elimination of

hydrogen, is equally inadmissible. Pettenkofer's formula, C 12H7O 18,NO5
,

is founded

upon an incorrect nitrogen-determination. For Porrett's adventurous views see Mem.
Chem. Soc. 3, 287 ; Phil. Mag. 30, 273; J. pr. Chem. 41, 208.

Domonte & Meriard assign the formula C24II l8XfiO24 to that portion of pyroxylin
which is soluble in ether, and the formula C24H 1GX4O20 to the insoluble portion ;

the

former in their glucose scxnitrique , the latter their ligneux fjiiadrinitriqufi. Gaudin

(Compt. rend. 23, 10^9) distinguishes the soluble portion as etherziline.

According to Hadow, the action of nitrosulphuric acid on cotton-

wool produces mainly three distinct products :

a. C 12H7X3 10
,

or C3SH21X9 30
. Obtained, in the proportion of

181*34 pts. (calcul. 183*3 pts.) from 100 pts. cotton-wool, by repeated
immersion in a mixture of 1 at. nitric acid (HO,NO 5

),
2 at. oil of vitriol,

and 3 at. water. Insoluble in ether-alcohol ; soluble in acetic ether.

Yields, when decomposed by sulphydrate of potassium, 54*6 to 55*2

p. c. cotton-wool (calcul. 54*54 p. c.) arid 44*07 p. c. hyponitric acid

(NO
4

) after deducting the corresponding quantity of hydrogen (calcul.
45*46 p. c.).

b. C36H22X8 30
. Obtained in the same way as

,
when the acid mix-

ture contains ^ at. more water, 100 pts. cotton-wool yielding 171*4 pts.
of this compound (calcul. 174 pts.). Soluble in ether-alcohol ; insolu-

ble in acetic acid. Treated in the same manner as
,

it yields 57*5G
to 58*34 p. c. cotton-wool (calcul. 57*45 p. c.).

c. C36H23X7 30
. The mixture employed for the preparation of a

yields, when 1 at. water has been added to it (making 4 at. water in

all), 164 p. c. of this substance (calcul. 164*8 p. c.). Soluble in ether
and in glacial acetic acid. Gives by decomposition 60*66 p. c. cotton-
wool (calcul. 60*67 p. c.). (Hadow.)

According to the views of most chemists, the nitrogen of pyroxylin
is contained in the form of X (see vii. 73) replacing hydrogen ;

according to Bechamp (who has further extended the view previously
propounded by Pelouze, Cottereau, and Walter Crum) it exists in the
form of nitric acid (NO

5
). According to the former view, pyroxylin is

comparable with nitrobenzoic acid, nitrobenzene, &c. ; according to

Bechamp's view, it is comparable with nitric ether (viii. 475). The fol-

lowing -decompositions are favourable to the latter view : 1. Alkalis

and reducing agents transform nitro-compounds into new substances

containing nitrogen, but from pyroxylin they regenerate the original

non-nitrogenous cotton-wool, just as they regenerate alcohol from
nitric ether. (Bechamp.) 2. Pyroxylin behaves like a nitrate, not
like a nitro-compound, with protosulphate of iron. (Cottereau, Compt.
rend. 23, 1157.) 3. Pyroxylin, decomposed over mercury by oil of

vitriol, behaves like a nitrate, giving off the whole of its nitrogen in

the form of nitric oxide. (Walter Crum.)
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Decompositions. 1. Under certain conditions which are not accurately
known, and do not always occur, pyroxylin undergoes spontaneous de-

composition, which is either accompanied by ignition and explosion, or
takes place more slowly, unaccompanied by these phenomena.

On the 17th July, 1848, the explosion of 1,600 kilogrammes of gun-
cotton, for which no cause could be ascertained, completely destroyed
the manufactory at Bouchet. Walls, from ^ metre to 1 metre in

thickness, were literally broken to powder from top to bottom, and
the heaviest articles were hurled to great distances. (Compt. rend.

28, 345.) Similar explosions have taken place at Dartford, in Saxony,
and at various other places. An explosion of pyroxylin took place in

a magazine near Vincennes, which no one had entered for several days
previously. (Handworterb. 6, 723.)

Pyroxylin stowed away in casks in a dry place evolved a choking
smell after 3|- to 9 months, contained formic acid, and as much as 11-5

p. c. water ; probably because the sulphuric acid cannot be thoroughly
removed by washing with water, and then causes decomposition to set
in. Pyroxylin, stored up in Glashaven, decomposed with evolution of

gas, blowing out the stoppers of the bottles, and leaving as residue a
soft white mass, which continued to evolve nitric oxide. (Maurey,
Compt. rend. 28, 344.J Pyroxylin, prepared in 1847, crumbled to

powder with evolution of red fumes, after some time; after 12 years,
the residue had deliquesced to a gum containing crystals of oxalic

acid. (Hofmann, Ann. Pharm 115, 283.) A woven fabric, which had
been converted into pyroxylin, evolved red vapours, after 3 years ; after

being then washed, it was less inflammable ; and, when dried at 110,
contained 31*25 p. c. C., 4*08 p. c. H., arid 7*88 p. c. N. (Kuhlmann
& Wurtz, Compt. rend. 42, 676.)

2. Pyroxylin prepared with nitric acid explodes, like fulminating
mercury, when struck upon an anvil with a hammer. (Otto.) Mode-
rately strong strokes of a hammer upon pyroxylin cause it to fly to
dust with a loud report but without flame. (Schonbein & Bdttger.)
Pyroxylin does not take fire when rubbed in a mortar with hard soda-

glass. In other cases, pyroxylin takes fire by friction only when the
heat produced is sufficient to make it do so. (Schonbein & Bottger.)

3. Pyroxylin is not decomposed, or only with difficulty, by the
electric current. But if pyroxylin moistened with glacial acetic acid is

placed between a silver and a zinc plate, connected by a copper wire,
and allowed to remain for eight hours, a small quantity of substance
is deposited on the silver plate, which, when dry, is white, has the

appearance of starch, and blues litmus. (Porrett.)

4. By contact with a glowing match it takes fire and bums away
instantaneously, like gunpowder. When warmed by itself, it either

takes fire and explodes, or, when heated more slowly, is gradually
decomposed with inflammation.

Pyroxylin may be exploded by touching it with a spark, when laid

on the palm of the hand without causing pain, and when laid on a

heap of gunpowder without setting fire to the latter. (Knop.)
Pyroxylin heated in an oil-bath does not take fire 130 ; at 150, it

takes fire in 12 minutes ; at 170, in ^ minute ; at 200, in 12 seconds ;

at 230, instantly, leaving no residue. (Schonbein & Bottger.)
Payen observed the inflammation of pyroxylin, in a stream of heated
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air, at 25-30 ; Piobert, at 70-80. When heated in the air it takes

fire at 175-180 (Pclouze) ;
at 188. (Gladstone.) Pyroxylin pre-

pared from carded cotton-wool does not
'

take fire below 200.

(Payen.)
Pyroxylin placed at the bottom of a tube heated to 200, whose

temperature is gradually falling, still explodes at 138, but not at lower

temperatures. If the tube is quickly heated, so that the temperature
rises 12 '5 in a minute, the pyroxylin explodes sometimes at 62*5;
generally in from 2 to 5 minutes at 95. (Marx, Pogg. 78, 100.)

Pyroxylin when slowly heated gives off a smell of nitrous acid at

100 ; loses 10 p. c. of its weight in an hour between 100 and
110 ; becomes yellow and pulverizable, and then sometimes takes fire

suddenly. (Pelouze.) Pyroxylin enclosed in glass tubes takes fire at

132 when quickly heated in an oil-bath; when slowly heated, not
even at 180 or 200. (van Kerckhoff.) If pyroxylin is heated

slowly, so that the temperature rises 6*25 in a minute, it begins to

evolve acid vapours at 69, and then explodes with much less vio-

lence when lighted; at 150, it scarcely explodes at all, and if kept
for an hour at 137 it becomes yellowish brown, afterwards darker,
and is at last converted into a black tissue which no longer explodes
in the flame. (Marx.) Piobert and van Kerckhoff obtained similar

results by slow heating.
The gases produced by the explosion of pyroxylin consist of

nitrogen, carbonic acid, carbonic oxide, steam, nitrous acid or nitric

oxide, hydrocarbons, ammonia, hydrocyanic acid or cyanogen ; some
of these gases are probably only formed under particular circum-
stances.

1 gramme pyroxylin, prepared with nitrosulphuric acid, yielded, on

explosion in the vacuum of the barometer, 588 c. c. gas, measured at

and 760 mm. pressure. This gas contained, in 100 pts., 4-0 pts.

nitrogen, 17'2 nitric oxide, 37'6 carbonic oxide, 20*8 carbonic acid, 4'6

carburetted hydrogen, and 15'8 steam. (Schmidt & Ilecker.) Porrett

& Teschemacher obtained, from 1 gramme pyroxylin, 483 c. c. gas,

containing, in 100 pts., 7*14 pts. nitrogen, 35'72 nitric oxide, 35'72
carbonic oxide, 14-28 carbonic acid, and 7'14 cyanogen. Fordos & Gelis

(Compt. rend. 23, 982) always found cyanogen or hydrocyanic acid,
whether the explosion took place slowly or all at once, but ammonia

only in small quantity. The projectile force of pyroxylin exploded in

fire-arms or in mines, is from ! to 6 times as great as that of gun-
powder ; the explosion takes place, however, too instantaneously, so

that fire-arms are soon rendered useless, and frequently burst, by the

employment of pyroxylin.

5. Pyroxylin moistened with moderately hot steam, and heated to

100, evolves, sometimes more, sometimes less, nitric acid vapour,
afterwards hyponitric acid vapour, and when coloured vapours are no

longer given off, is found to have lost from 24'2 to 29 '3 p. c. of its

weight ;
it is thus converted into typhoxylin, or similar compounds,

produced from pyroxylin by fixation of water and elimination of nitric

(or hyponitric) acid, (van Kerckhoff & Reuter.) if the red fumes are too

rapidly evolved, explosion may occur.

a.
>

C 24N2H16 30
,
van Kerckhoff & Renter's Typhoxylin. If the loss

of weight by the pyroxylin amounts to 27 p. c., the residue, when dried
in vacuo, contains on the average 33*49 p. c. C., 3'91 p. c. II., and
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6-66 p. c. N. (calculation, 33'64 p. c. C., 3'73 p. c. II., 6*54 p. c. N.) ;

it has therefore been formed by the fixation of 3 at. water, and elimi-

nation of 4 at. hypoiiitric acid: C 24N6H13 43+3IIO^C24N 2II16 + 4N04
.

This typhoxylin has the appearance of pyroxylin, it is very easily

powdered, pure white, becomes brown at 150, more rapidly at 170,
and explodes when quickly heated, evolving nitric oxide and combus-
tible gases. It is insoluble in cold nitric acid, dissolves slowly in warm
nitric acid, easily in cold sulphuric acid and evolves gas when wanned
therewith. Cold potash-ley dissolves it with yellow-brown colour,

sugar of lead causes a precipitate in this solution. Ammonia and

baryta-water colour typhoxylin light brown. It is only imperfectly
soluble in ether or in acetic ether.

b. C24N2H17 31
. When the loss of weight amounts to 24-2 24*9

p. c. (calcul. 25'3 p. c.), the residue contains, on an average, 32-87

p. c. C., 3-92 p. c. H. (calculation, 32*95 p. c. C., 3'88 p. c. H.), it is

accordingly produced by fixation of 4 at. water and elimination of 4 at.

hyponitric acid.

m

c. C^N'IF'O27
,
and d. C^N2!!1^28

. The- former compound is con-
tained in the residue when the loss of weight amounts to about 30 p. c.

(calc. 30-8 p. c.), and contains 35'78 p. c. C., and 4'68 p. c. II. (calcula-

tion, 35'55 p. c. C., and 4*20 p. c. II.). The latter compound contains,
on an average, 34*61 p. c. C., and 4'30 p. c. H. (calculation, 34'78 p. c. C.,
and 4-34 p. c. H.) They are formed from pyroxylin by fixation, the
former of 4 at., the latter of 5 at. water, and elimination of 4 at. nitric

acid, (van Kerckhoff & Eeuter.)

6. Pyroxylin moistened with liniodide ofpotassium (solution of iodine

in aqueous iodide of potassium), and afterwards with a mixture of 1 pt.
oil of vitriol and 4 pts. water, becomes yellow after some time, whereas
unaltered cotton-wool is coloured blue. (Kindt, Pogg. 70, 168.)

7. Pyroxylin dissolves in concentrated nitric acid at 80 or 90, and
is precipitated almost completely by oil of vitriol in white amorphous
flocks, otherwise unchanged ; water precipitates it in bitter, white

flocks, soluble in alcohol and in a large quantity of water, which burn
more slowly than pyroxylin and leave charcoal. (De Vrij, Compt. rend.

24, 19.)

Pyroxylin is dissolved between 38 and 67 when warmed with
20 pts. nitric acid of sp. gr. 1*45 : water added to the solution precipi-
tates it unchanged, except that it has lost its organised structure.

The nitric acid solution evolves abundance of red fumes if heated
to 113, arid, when afterwards neutralised with carbonate and bicar-

bonate of potash, yields a whitish grey precipitate. (Porrett.)

8. It dissolves less readily than cotton-wool in cold oil of vitriol, more
easily in sulphuric acid of sp. gr. 1-5 1-7. The solution evolves car-

bonic acid and nitrous gas at 100, and does not become brown till

more strongly heated (van Kerckhoff & Reuter), not even when boiled.

(Gladstone.) The solution of cotton-wool in oil of vitriol becomes brown at 90
without evolving gas.

Bihydrated sulphuric acid neither dissolves pyroxylin nor becomes
heated in contact with it, but soon evolves a smell of nitric acid. If

water is added after 24 hours, the mixture filtered, and the filtrate

VOL. XV. N
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distilled, nitric acid passes over, and, when the residue in the retort

gets more concentrated, red fumes are given off. (Bechamp, N. Ann.
Chem. Phys. 46, 358).

9. Hot hydrochloric acid dissolves it with decomposition. (Bechamp.)

10. Moist sulphurous acid does not decompose it even on heating.

(Bechamp.) 11. Not altered by sulphuretted hydrogen passed into its

solution in ether-alcohol. (Bechamp.)

12. Pyroxylin moistened with water, or dissolved in ether-alcohol,
is decomposed by gaseous ammonia into nitrate of ammonia ani

quadrinitrocellulosc. (Bechamp.) The action of an excess of ammonia
aided by heat, on pyroxylin moistened with water, yields a brown mass
devoid of structure. (Bechamp.)

13. Pyroxylin is decomposed when heated with aqueous hydrosid-

phate of ammonia, and when washed and dried, no longer explodes by
heat. (Pettenkofer, Marx.) If ammonia is passed into a solution of

pyroxylin in ether-alcohol until it becomes perfectly fluid, and then

sulphuretted hydrogen, a yellow precipitate containing sulphur is pro-
duced, which is insoluble in alcohol of 90 p. c., but partially soluble in

water. (Bechamp.)

14. Moderately concentrated potash- or soda-ley dissolves pyroxylin
slowly at the common temperature, more quickly between 60 and 80,
with formation of nitrates.

a. If the solution is filtered before all the pyroxylin is dissolved,
and precipitated with dilute acid, a gelatinous precipitate is produced,
probably containing quadri- or ter-iiitroccllulose, which burns when dry,
but leaves a large quantity of charcoal and is soluble in boiling alcohol,
or in cold ether-alcohol. The solution may be diluted with a considerable

quantity of water without becoming turbid ; with ammoniacal acetate
of lead, it produces a bulky precipitate. (Bechamp.)

b. The alkaline solution of pyroxylin becomes brown at 50 or 60,
and is then no longer precipitated by acids. If the solution is neu-

tralised, shortly before this point, with dilute sulphuric acid, it leaves
on evaporation a mixture .of nitrate, nitrite, and sulphate of potash,
with sugar, which last is converted, by further action of alkali, into

glucic and apoglucic acids. (Bechamp.)

c. If the solution of pyroxylin in ether-alcohol is mixed with as

much alcoholic potash as is required to neutralise the nitric acid, it

solidifies to a jelly, and addition of water causes a pitch-like substance
to separate, while scarcely any organic matter remains dissolved in the

supernatant ether-alcohol. The pitch-like mass containing potash,
when dissolved in water, yields a gelatinous precipitate of terriitro-

cellulose on addition of acetic acid. C24H17 17
,
5N05 + 2KO, HO =

C24H1T 17
,
8N08 + 2KO, NO5 + 2HO. (Bechamp.)

According to van Kerckhoff (J. pr. Chem. 40, 284) an excess of

moderately concentrated solution of potash dissolves pyroxylin by
long standing in the cold, with phenomena of decomposition different

from those produced when it is heated with a smaller excess of potash.
The alkaline solution contains nitrite and a small quantity of carbonate
of potash, and yields a pale yellow precipitate with acetate of lead
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after supersaturation with acetic acid, and a further precipitate on the

subsequent addition of basic acetate of lead. The first precipitate

had, in one expcrimcmt, the composition of citrate of lead, but in

another it yielded, by decomposition with sulphuretted hydrogen, an
acid of the composition of tartrelic acid (x, 334). The precipitate pro-
duced by basic acetate of lead contained C 12H6 1S

, 7PbO (tartersaures

Bleioxyd, therefore: van Kerckhoff). Iladow observed the evolution

of ammonia on warming pyroxylin with potash-ley. In the cold there

is slowly formed, without evolution of gas, a brown solution which
reduces silver- salts and contains oxalic, nitrous, and nitric acid, to-

gether with a peculiar acid, Hadow's pyroxylic acid, which agrees in

its properties to some extent with saccharic acid. The alkaline solu-

tion of pyroxylin precipitates silver from an ammoriiacal solution of

silver, as a mirror on the sides of the vessel. (Vohl, Dingl. 112, 237).

15. Pyroxlin is completely converted into cotton-wool by alcoholic

of hydrosulphate of potassium in the course of 24 hours. (Iladow, comp.

p. 174).

16. A concentrated watery solution of protochloride of iron in excess

acts upon pyroxylin, slowly in the cold, more quickly when heated,

transforming it into ordinary cotton-wool. Ferrous acetate acts in the

same way, but converts the nitrogen of the pyroxylin into ammonia,

(Bechamp.) The regenerated cotton-wool has the composition and
all the properties of the original cotton-wool, and may be again con-

verted into pyroxylin and reduced a second time. (Becharnp, comp. also

p. 173.)

17. Pyroxylin evolves all its nitrogen, in the form of nitric oxide, by
contact with oil of vitriol and metallic mercury. (Cruni.)

18. It is decomposed by boiling aqueous permanganate ofpotash with

formation of nitric acid. (Cloez Buignet, Compt. rend. 47, 172; J.

pr. Chem. 76, 501.)

19. With common camphor', fat oils, wax, or resins, pyroxylin forms

dark brown solutions, which give off nitrous acid. (Hartig, Untcr-

siichungen tiler tichiessbaumwolle, Braunschweig", 1847.)

Combinations. Pyroxylin is insoluble in water, and remains un-

changed when boiled with water for a long time. (Pelouze.) After

being kept for 5 weeks under water, it is found to be unaltered on dry-

ing
1

(De Vrij ; for decomposition by heating with steam, see p. 176).
It absorbs fluoride of boron without charig*e of colour or loss of

inflammability. If it contains unaltered cotton-wool, it explodes

by contact with fluoride of boron. (Berthelot, N. Ann. Chim. Phys.

38, 58.)
Insoluble in aqueous cuprammonia. (Schlossberger, J. pr. Chem.

73, 573.)
Insoluble in glacial acetic acid. (Schonbein Bottgcr, De Vrij.)

Pyroxylin, prepared with nitrosulphuric acid diluted to a certain point,
dissolves in glacial acetic acid. (Hadow ; see p. 173.) Forms, with

acetone, a transparent jelly, which is curdled by water. With a large

quantity of acetone, it forms a perfect solution. (De Vrij.) Insolu-

ble in chloroform. (Magnes-Lahens, N. J. Pharm. 16, 353. Lepage,
J. Chim. me'd. 25, 147.)

N 2
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Dissolves in wood-spirit. (Pless}
7 & Schiitzenberger, Mulhouse Soc.

Bull 25, 187; Dingl. 131, 358.) Insoluble in alcohol; slightly soluble

in alcohol of 40, according to Magnes-Lahens. Vohl (Ann. Pharm.

70, 360) boiled pyroxylin, prepared by means of nitrosulphuric acid and

insoluble in ether, for several hours with absolute alcohol, whereby it

became soluble in ether. The alcohol had then in solution a substance

which was deposited, on evaporation, in granular crystals, and pos-
sessed the following properties. It melted to an oil at 70 and solidi-

fied in the crystalline state on cooling; exploded under the hammer, or

when heated to 140 or 150 ; and was obtained from solution in

alcohol as a tough resin which gave off alcohol when 'heated with

water. It dissolved in ether, only when it had absorbed alcohol
; it

was no longer soluble when freed from alcohol by precipitation from its

alcoholic solution by water and boiling with water for several days.
It dissolved in oil of vitriol, being reprecipitated by water ; and in

very strong boiling potash-ley, with evolution of ammonia. Its-

potash-solution reduced silver from an ammoniacal silver-solution.

Hence Vohl assumes that alcohol extracts from pyroxylin a substance

which incrusts the fibres, and so makes the residue soluble in ether.

Pyroxylin is insoluble in ether. With ether-alcohol it forms,

according to its mode of preparation, sometimes a thick, viscid

solution, sometimes a perfectly fluid one, and sometimes does not dis-

solve at all (comp. p. 170).
The solubility of pyroxylin was discovered by Fl. Domonte & Me-

nard, and nearly at the same time by Meynard & Begelow. The re-

sulting solution, collodion, leaves the pyroxylin on spontaneous

evaporation as a translucent, tenacious film (collodion-film) impervious
to water.

To prepare collodion, Soubeiran (TV. J. Pharm. 14, 263) shakes

pyroxylin for a few minutes with 16 pts. ether and adds 1 pt. alcohol ;

Livonius (N. J. Pharm. 16, 122) employs 22 pts. ether and 4 pts.

alcohol ; Edwards, commercial ether of sp. gr. 0'7 to 0'76 ; Lassaigne
J. Chim. me'd. 24, 541), 20 pts. ether and 1 pt. alcohol of 90 p. c.

Bcrard (Polyt. Centr. 1858, 892) obtains dry, transparent, and durable

collodion by digesting pyroxylin for a long time with warm ether-

alcohol, decanting the clear solution after allowing it to settle, and

distilling off the ether. The residue is completely soluble in ether-

alcohol, and is not subject to spontaneous decomposition.
Collodion-film is inflammable. (Soubrisseau, N. J. Pharm. 14, 47.)

The residue left by the evaporation of collodion gives off red fumes on

drying (Domonte & Menard), and sometimes explodes with violence

at about 115 (Compt. rend. 23, 1088). A large quantity of water pre-

cipitates from the solution inflammable flocks of pyroxylin devoid of

organised structure. (Domonte & Menard, Magnes-Lahens.) The
residue left by the evaporation of collodion is insoluble in water and in

aqueous cuprammonia. (Schlossberger, J. pr. Chem. 73, 373.) Collo-,

dion does not become turbid when mixed with alcohol or ether (Mann),
but solidifies after a time to a jelly if mixed with \ or J pt. chloroform.

Lessage, J. Chim. me'd. 25, 147.)

Pyroxylin does not dissolve in ether containing from 1 to | pt.

chloroform, in nitric ether, or in monochlorinated vinic ether. With

sulphovinic acid and oil of mine, it forms slightly sticky solutions.

(Magnes-LahenSr)
It dissolves in methyl-acetic ether, and in acetic ether. (Richier,
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Schb'nbein & Bottger, Pelouze, comp. p. 173.) Pyroxylin swells up to
a jelly in acetic ether, which leaves, by evaporation on glass plates,
white pyroxylin devoid of organised structure, and this, when treated
even with weak alcohol, loses acetic ether, and on drying remains
behind as a powder. (Hartig.) The solution is not sticky. (Magnes-
Lahens, Livonius.)

Pyroxylin is insoluble in oil of turpentine. (Magnes-Lahens.)
Pyroxylin cannot be dyed, or only imperfectly. But pyroxylin

which is .partially decomposed by long keeping, or cotton-wool which
is incompletely converted into pyroxylin by immersion in nitro-sul-

phuric aoid, takes more brilliant colours when dyed than common
cotton-wool. (Kuhlmann, Compt. rend. -12, 673 and 711).

Tunicin.

C 12II10 10 or

C. SCHMIDT. (1845.) Zur vergleichenden Physiologie der wirbellosen

Thiere, Braunschweig, 1845, 62; Ann. Pharm. 54, 318. J. pr.
Chem. 38, 433.

LOWIG & KOLLIKER. J. pr. Chem. 37, 439 ; Compt. rend. 22, 38.

DUMAS, EDWARDS, BOUSSINGAULT & PAYEN. Compt. rend. 22, 581 ;

Ann. Scienc. nat. 1846, 238.

BERTIIELOT. Compt. rend. 47, 227 ;
N. Ann. Chim. Phys. 56, 149 ; Rep.

Chim.pure, 1, 69; J. pr. Chem. 76, 371; Pharm. Centr. 1858, 675.

Discovered by C. Scnmidt in 1846
j distinguished from cellulose and named

Tunicin by Berthelot.

Occurrence. Comp. Handbuch, viii. 473. In the Ascidioe (Tunicata,
Lamark] ; in the mantle of Phallusia mamillaris, and Frustulia salina.

(Schmidt), in all Tunicata (Phallusia mamillaris, P. intestinalis, P. mon-

achus, Cynthia papillata, Clavallina lepodiformis, Diozoma violacca, Bot-

ryllus Polycyclas, Pyrosoma gigantea, Salpa maxima [Handb. viii. Zoochem.

473]),not in the lower animals, &s Polypes, Medusce, andMollusca (Lowig
& Kolliker) ;

in the outer envelope of certain Tunicata (Cynthia papil-

latd). (Berthelot.)

Preparation. The outer envelopes of the tunicata are treated suc-

cessively with water, alcohol, ether, dilute acid and aqueous alkali

(Schmidt), or they are boiled for some hours with concentrated hydro-
chloric acid, afterwards with aqueous potash of sp. gr. 1'28, then
washed with water and dried. (Berthelot.)

Properties. White, translucent, very soft, with somewhat of a

pearly lustre (Dumas, &C.), of the external unaltered form of the enve-

lopes. (Lowig & Kolliker.) Tunicin prepared from Phallusia mamilla-

ris forms an agglomerate of large shapeless cells. (Schmidt.)
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Schmidt.

Phallusia Frustulia

C24
,
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Glycogen.

CL. BERNARD. Compt. rend. 41, 461. Compt. rend. 44, 578 and 1325 ;

J. pr. Chem. 73, 251 ; abstr. Kopp's Jahresber. 1857, 552. Compt.
rend. 48, 77, 673 and 884.

HENSEX. Wilrzb. medic. Verhandl. 7, 219. Archiv. fur pathol. Anato-

mie, 9, 214; abstr. Kopp's Jahresber. 1857, 553.

SANSON. Compt. rend. 44, 1159 and 1323; abstr. Kopp's Jahresber.

1857, 553. Compt. rend. 45, 140 and 343.

SCIIIFF. N. Zeitchr.furphijs. Heilkunde, 1, 2G3. Compt. rend. 48, 880.

EUG. PELOUZE. Compt. rend. 44, 1321 ; J. pr. Chem. 73, 249 ; abstr.

Kopp's Jahresber. 1857, 558.

BONUET. Compt. rend. 45, 139 and 573; abstr. Kopp's Jahresber. 1857,
554.

KEKULE. Heidelb. naturw. Verhandl 1858, Jan. ; Chem. Centr. 1858,
300 ; abstr. Kopp's Jahresber. 1858, 570.

POGGIALE. N. J. Pharm. 34, 99 ; Kopp's Jahresber. 1858, 569.

PAVY. N. Phil. Mag. J. 17, 142 ; /. pr. Chem. 77, 354 ; abstr. Rep.
Chim. pure, 1, 236.

GORUP BESANEZ. Ann. Pharm. 118, 227.

[The chemical nature of glycogen is treated of also Handbuch, viii. ZoocJiem. 74,

385 and 550.]

Glykogen, Glykogcnsiibstanz, thierisches Amylum ; Matiere amylacee, Glycogene ;

Hepatin. Discovered and investigated by Bernard.

Occurrence. In the liver. (Bernard.) In the placenta. (Bernard,

Compt. rend. 48, 77 and 673.) In the umbilical membrane of birds.

(Serres, Compt. rend. 48, 86.) In graminivora, the liver generally
contains glycogen, which is only found in the other organs, as in the

muscular flesh of horses, when the animals have an abundance of food

rich in starch. (Poggiale. comp. Handbuch, viii. Zoochem. 385.) In

rabbits the liver contains as much as 2 p. c. of glycogen. (Kekule.)

Preparation. 1. The liver of the quite freshly killed animal is cut

into small pieces, immersed in boiling water, pounded and boiled for

about an hour with a small quantity of water ; the liquid is then strained

off, the residue squeezed out, and the filtrate precipitated with 4 or 5

measures of alcohol of 38 to 40. The yellowish white flocks are freed

from sugar and soluble biliary matter by washing with a large quantity
of alcohol ; and from adhering nitrogenous substances, by boiling- for
1 an hour to 1 hour, with concentrated potash-ley, whereby they are de-

composed with evolution of ammonia ; the solution is then mixed with a
small quantity of water, filtered, and precipitated with 4 or 5 measures
of alcohol of 38 or 40. The precipitate is freed from potash by wash-

ing with a large quantity of alcohol ; it is then dissolved in a small

quantity of water, the solution neutralised with acetic acid, and again
precipitated with alcohol. Purer glycogen is thus precipitated, while
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acetate of potash remains in solution. (Bernard.) So prepared, it is

apt still to contain lime-salts, which may be removed for the most part

by repeated solution in strong acetic or cold dilute nitric acid, and

precipitation with alcohol. (Kekule. comp. Hensen, Handbuch, viii.

Zoocliem. 385.)

2. The fresh, filtered, "and cooled decoction of the liver is precipi-
tated with glacial acetic acid, whereupon nearly pure glycogen is

thrown down, the albuminous substances remaining
1

in solution.

(Bernard.}

3. If the liver is washed out with cold water, by inserting the
nozzle of a caoutchouc, syringe into the vena porta and driving a stream
of cold water through the capillaries by careful pressure, a blood-red

liquid is first obtained, then a bright rose-coloured liquid, then a milky
liquid, and at last water. The rose-coloured and milky liquids are
heated to boiling and the filtrate precipitated with 2 measures of alco-

hol of 90 ;
and the flocks are collected after some hours, washed with

alcohol, dissolved in water containing acetic acid, and again heated to

boiling. The filtrate precipitated a second time with alcohol, yields
flocks of glycogen in abundance, which must be freed from fat by
washing with ether and dried in vacuo. (Grorup-Besanez.)

Properties. White, mealy powder, which even under the micro-

scope shows no peculiar form, Without smell. Tastes like starch.

Neutral. (Bernard and others.)

Calculation Calculation

according to Pelouze. Pelouze. according to



DEXTRIN. 185

contained in a concentrated decoction of liver or muscular flesh is

warmed with saliva, it ferments on the subsequent addition of yeast.

(Foggiale.) Glycogen which has not undergone this preliminary
treatment, does not ferment on addition of yeast. (Bernard.)

2. By roasting, glycogen is converted into a substance similar to

dextrin. (Bernard.) The dextrin formed thus, or according to 1,

rotates the plane of polarisation towards the right, does not reduce an
alkaline solution of cupric oxide, is not coloured blue by iodine, and
does not ferment with yeast. It gives a clear solution with water, not
with strong alcohol. (Bernard.)

3. Yields xyloidin when treated with concentrated nitric acid; and
oxalic acid when boiled with dilute nitric acid. (Pelouze.) If concen-
trated nitric acid is poured over glycogen dried at 100, solution takes

place after a few moments, and, if water is immediately added, a

quantity of xyloidin is obtained amounting to 130 p. c. on the glyco-

gen employed. If the nitric acid solution is allowed to stand for some
time, water precipitates a smaller quantity of xyloidin, and after

several days none at all. (Pelouze.) 4. Glycogen does not reduce an
alkaline solution of cupric salts. (Bernard.)

Combinations. Glycogen forms an opalescent solution with water.

(Bernard, Kekule.) In the absence of ferments, the solution under-

goes no spontaneous alteration on standing. (Bernard.^) On evapo-
rating the solution, the glycogen separates out in films. (Ilenscn.)

According to Bernard and Lchmann, the solution is precipitated by
acetic acid, according to Lochner and Gorup-Besanez, it is not precipi-
tated by acetic acid, but is rendered clearer by it, according to Gorup.

Iodine colours it violet or bright brown-red, seldom pure blue (Ber-

nard), violet or oftenest red-brown. (Kekule.)
It is precipitated from solution in water by lasic acetate of lead

(Bernard) ; not precipitated. (Hensen.)
It is quite insoluble (Bernard), slightly soluble (Ilensen) in alcohol.

Animal charcoal precipitates it from solution in water. (Bernard.)

Dextrin.

BIOT&PERSOZ. (1833.) Ann. Chim. Phys. 52, 72; Schw. G6, 169?
Pogg. 32, 1GO; Ann. Pharm. 6, 209.

PAYEN & PERSOZ. Ann. Chim. Phys. 53, 73; Pogg. 32, 182. Ann.
Chim. Phys. 5G, 337.

PAYEN. J. Chim. med. 9, 504, 549, and 572. Ann. Chim. Phys. 61,
372 ; G5, 225, and 234. N. Ann. Sc. nat. Botan. 10, 85, and 170.

GUERIN-VAIIRY. Ann. Chim, Phys GO, 68.

JACQUELAIN. N. Ann. Chim. Phys. 8, 255 ; J. pr. Chem. 30, 477.

BECHAMP. Compt. rend. 51, 256.

British gum ; Amidine (Chevreul.), Gomme amidone, Gomme dextrine (Payen &
Persoz), Dextrine (Biot), Leiocomme ; Starkegummi, Dextringummi. Bechamp dis-

tinguishes between dextrine defecule and dextrine de lignetiar.
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As early as 1811, Vauquelin (Bull. Pharm. 3, 54) mentioned roasted starch, which
Pb'bereiner subsequently (Schw. 8, 207) regarded as gum ; Biot & Persoz, as the con-

tents of the starch.granules (Chevreul's amidine). Payen & Persoz recognised it as

a product of the transformation of the amidon contained in the starch-granules. Accord-

ing to Chevreul (1834) it is identical with Couverchel's gomme normale, Caventou's
amidon modijie, Guibourt's amidon soluble or amidine. It has been examined chiefly

by Payen. It was named dextrin and distinguished from gum, by Biot & Persoz, on
account of possessing a rotatory power towards the right ; but, according to Bechamp
(N. Ann. Chim. PJiys. 48, 461), Biot's original dextrin is not the same as the substance
to which that name is now given, but is identical with Bechamp's soluble starch (p. 102).

According to Sanson (HandbucJi, viii, Zoochem. 550), dextrin is identical with

glycogen. [According to Eug. Pelouze (Compt. rend. 44, 1321), the substance re-

garded as dextrin or glycogen by Sanson is an altered albuminous body. W.]

Occurrence. Probably in nearly all vegetable juices, but mistaken
for gum (Mulder, Lehrb. d. phys. Chem. 232), not in cereal grains.

(Mitscherlich, Lehrb. 368.) In rye and wheat (Fiirstenberg, J. pr.
Chem. 31, 195) ; probably in Fucus saccharinus (Witting. J. pr. Chem. 73,

138) ;
in Spanish chestnuts to the extent of 22*8 to 23'3 p. c. (Albini,

Wien. Acad. Ber. 13, 502) ;
in the blood (Handbuch, viii, Zoochem. 387

and 550) ;
in the juice of flesh (ibid. 387 and 550) ; in the lungs and

spleen, (ibid. 387.) In bread, beer, and other articles of food, as a

product of the metamorphosis of starch.

Formation. A. From starch (comp. pp. 81, 84-86, 90, &c.) 1. By
roasting until the starch acquires a yellowish brown colour and evolves

vapour. (Dobereiner ; Bouillon-Lagrangc, Bull. Pharm. 3, 395.) By
heating to 200 or 210. (Payen.) The presence of water is unneces-

sary or even disadvantageous, for starch dried at 150 yields scarcely

anything but dextrin when heated for
-J

hour to 210 or 214 in an

oil-bath, whereas air-dried starch forms soluble starch at the same
time. (Maschko, J. pr. Chem. 61, 1.) 2. By several days' heating to

100 with water (only traces are formed by using 2, or from 30 to 40
measures of water). (Maschke.) By heating with water to 150

(Mitscherlich, Pogg. 55, 221), under increased pressure (Jacquelain,
Ann. Chim. Phys. 73, 187).

3. By the action of acids, as of cold oil of vitriol (Payen), or of

dilute sulphuric acid at 85. It is formed more quickly and at a lower

temperature by the action of strong than by that of very dilute sul-

phuric acid ; by continued boiling of the mixture it is transformed
into glucose. (Biot & Persoz.) By dilute nitric acid. (Biot & Persoz,

Payen.) By heating with \ pt. tartaric acid and 5 pts. water to 125
for an hour in a Papin's digester. (Tayen, J. Pharm. 7, 267.)

4. By digestion with aqueous alkali. (Payen.)

5. By the action of diastase at 60 or 75. (Payen & Persoz,

Guerin-Varry.)

6. By the action of sun-light on starch-paste. (St. Victor &
Corvisart, Compt. rend. 49, 368; Ann. Pharm. 113, 112.)

In the modes of formation 1 to 3, the formation of dextrin is pre-
ceded by that of soluble starch. Comp. pp. 82, 84, and 102. (Maschke,
Bechamp.) Sugar is formed at the same time as dextrin in processes
3 to 5. (Musculus. Comp. pp. 85, 90, and 91.) According to Delffs
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109, 648), dextrin differs in its properties according as it is pre-

pared with rnalt, with dilute sulphuric acid, or by roasting.
B. From Cellulose. By the action of oil of vitriol. (Braconnot,

Ann. Chim. Phys. 12, 172. The dextrine de ligneux so obtained pos-
sesses most of the properties of dextrine de fecule^ but has a different

rotatory power, and forms a dextrine nitrique ligneux which differs from
binitroaextrin. (Bechamp.) According to Mulder, the dextrin of

vegetable juices is formed from cellulose or a similar substance under
the influence of diastase, and is further transformed into starch and

sugar.

Preparation. 1. Starch is heated in a shallow vessel with a double

bottom (the intermediate space being filled with heated oil) to 150

1GO, with continual stirring, until it begins to turn yellow and becomes
soluble in water. (British gum, or Leiocomme of commerce.) In order to

purify it, it is repeatedly washed with cold and hot alcohol of sp. gr.
0*843 ; dissolved in water at 90, and precipitated with alcohol ; the

precipitate again dissolved in hot watei\and the filtered solution eva-

porated to dryness. (Payen.) 2. One^ part of starch is acted upon
with J pt. oil of vitriol and 2 '8 pts. water. The acid is mixed with

part of the water and the starch stirred up with the rest ; the diluted

acid is gradually poured upon the starch, and the mixture is kept for

some time at 90. The dextrin is precipitated by alcohol from the

clarified solution. (Biot & Persoz.) Dextrin so prepared cannot be

purified from sugar which is formed at the same time and adheres to

it, except by dissolving it at least ten times in water and precipitating
the solution with alcohol, which should not be employed in excess.

(Payen.) The solution obtained by boiling starch with acid contains,

immediately after it has become clear, but little dextrin, but a large

quantity of soluble starch. (Maschke, J. pr. Chem. 61, 1.) Hofmann
(Dingl. 149, 320; Chem. Centr. 1859, 509; N. Br.'Arch. 98, 110),

exposes corn with 1*5 pt. water and O'Ol to 0'02 pt. oil of vitriol to

high-pressure steam at 107 149, for 2 or 3 hours, in an air-tight

mash-tun, pours off the liquid, saturates it with chalk, and, after

allowing the precipitate to settle, decants and evaporates to dryness.
3. Starch is moistened with 0-002 pt. nitric acid and the requisite

quantity of water, formed into cakes which are broken up after being
allowed to dry in the air, spread out in shallow layers in a chamber sup-

plied with hot air, gradually heated to 80, and at last dried at 110.

(Payen.) 4. Starch is digested for 12 hours at 50 60 with 5 p. c.

potash- or soda-ley ; the clear solution is neutralised with acetic acid,
and precipitated with alcohol. Purification as in 2. (Payen.)

5. Five parts of sprouted barley-malt with 400 pts. water at

25 30 are slowly heated to 60, 100 pts. starch are added, and the

mixture is kept at 65 75 for about ^ an hour, or until the liquid,
which is at first milky, has become clear and perfectly fluid, it being kept
stirred all the time ; the temperature is then quickly raised to 95 or

100, to destroy the activity of the diastase ; the solution is filtered

when cold and already clarified by subsidence ; and the filtrate evapo-
rated at 110, the scum which forms on the surface being skimmed off,

to a syrup which solidifies to a jelly on cooling, and is then divided

into thin layers and dried in a current of air in a drying oven. The

product is purified by precipitating the concentrated aqueous solution

with alcohol, treating the precipitate, which consists of dextrin with a
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small quantity of starch, with water, which dissolves the dextrin,
and again precipitating with alcohol. (Payen & Persoz.) Sprouted
barley-malt may also be mixed with 7 pts. water and gradually heated
in the water-bath to 65, with constant stirring ; then to 75 for 25
minutes ; T̂ pt. animal charcoal added ; the liquid filtered, warmed in

the water-bath to 60, and starch added to it as above. The dextrin

thus obtained is very white.

. In order to obtain dextrin-syrup, twice the quantity of malt indi-

cated above must be used, and the mixture must be digested between
65 and 75 for a longer time, until it is no longer coloured blue by
iodine. (Payen.) The dextrin-syrup so obtained is precipitated with'

alcohol of 95 p. c., and filtered ; the residue is dissolved in 8 pts. water
at 75 ; the solution is shaken with animal charcoal for a quarter of an

hour, andfiltered; and the filtrate is evaporated in vacuo. (Guerin-Varry.)
Starch is digested at 70 75 with O02 pt. diastase and 5 pts. water,

until the liquid is no lunger coloured blue by iodine ; it is then filtered,

and evaporated ; the residue freed from sugar by exhaustion with
alcohol of 85 p. c., then dissolved in spirit of 30 35 p. c. ; and the

solution filtered from the undissolved starch is evaporated. (Payen
Sp Persoz.)

Properties. Solid, brittle, colourless or slightly coloured, transparent ,

gummy mass, reducible by trituration to a white powder which grates
between the fingers, (Payen. J. Ckim. med. 21, 427), sp. gr. 1*52.

(Payen.) Tasteless (Payen, Guerin-Varry), has a sweetish gummy taste,

(Bouillon-Lagrange) ; inodorous, permanent in dry air, and at 100 (Gue-
rin-Varry). Specific rotatory power [a] = 138'7 to the right, = 176

(Bechamp). Rotatory power of Dextrine de Ligneux [a] = 88-9 to the left.

(Bechamp.) Neutral.

In vacuo.

24 C
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acetic acid, carbonic acid, carburctted hydrogen and other products.

((u<'rin-Vurry). When thrown on red-hot coals, it burns like gum
flBouillon-Lagrange). 2. Treated with nitric acid, it yields oxalic acid

(Bpiiillon-Lagrange, Fiirstenbcrg), no mucic acid (Guerin-Varry),
probably also saccharic acid (Gerhardt, Traite 2, 493). 3. With nitro-

vitfjJmric acid, it forms binitrodextrin (Bechamp). 4. With oil of
vitriol, it blackens and gives off acetic acid (Bouillon-Lagrangc) ; boiled

with 4 pts. water and O'Ol oil of vitriol, it forms glucose (Payen &
JVrsox). It is converted into sugar by boiling with any dilute acid

(Biot & Persoz.) 5. It is not altered by hydrochloric acid. 6. Heated
to 100 for 50 or 60 hours with glacial acetic or butyric acid, it gives
off water, and forms a small quantity of a compound analogous to or

identical with aceto- or butyro-glucose (Bcrthelot, N. Ann. Chim.

Phi/s. GO, 98). 7, Heated with aqueous bicarbonate of potash and

iodine, it yields iodoform (Millon, Compt. rend. 21, 828 ; J. pr. Chem.

37, 55). 8. It is not altered by aqueous permanganate of potash (E.

Monier, Compt. rend. 4G, 425 ; J. pr. Chem. 73, 479). 9. Heated to

150 in a sealed tube with strong caustic ammonia, it behaves like

starch (p. 87), but the substance thus obtained by continuing treat-

ment for 7 days, contains 11 p.c. nitrogen (Schiitzenberger, Zeitschr. Ch.

Pharm. 4, GG). 10. It colours a cupric solution containing caustic jwtash

blue, but does not throw down cuprous oxide from it till heated to 85,
and even then but slowly (Trommer, Ann. Pharm. 39, 360 ; Delffs) ; not
even when heated (Fiirstenberg, J. pr. Chem. 31, 195). 11. Heated
with cinchona bases, it gives off red vapours which condense to a red

liquid (Batka, Chem. Ccntr. 1859. 8G5). 12. It does not ferment with
water and yeast (Biot & Persoz, Guerin-Varry, Payen) ;

in contact with
water and calf's rennet, at 40, it is converted into milk-sugar or a

modification thereof (Fremy, J. Pharm. 25, 299). By water and dias-

tase at 60 70, it is gradually converted into sugar (Payen & Persoz),"
but only partially (Guerin-Varry). See the statements of Musculus, (p. 91).

Combinations. With Water. Dextrin exposed to moist air absorbs
4 at. water, of which it gives off 2 at. in vacuo at 15, and the rest

between 100 arid 140. (Payen.)
It deliquesces to a syrup in air saturated with moisture, and dis-

solves readily in water. (Biot & Persoz.) The solution is clear and

gummy (Bouillon), glutinous (Biot & Persoz), and is precipitated by
water (Guerin-Varrry). For the rotatory power vid. sup.

Aqueous dextrin does not suffer any alteration of rotatory power
by keeping (Biot & Persoz), but loses it to a certain extent when
heated (Dubrunfaut, Compt. rend, 23, 43). When kept, CATCU out of
contact with the air, it deposits pulverulent modified dextrin (Biot &
Persoz) ;

when frozen it deposits a powder which redissolves on thaw-

ing (Jacquelain, Ann. Chim. Phi/s. 73, 187). Aqueous dextrin is not
coloured by aqueous solution of iodine (Payen, Guerin-Varry) ; it is

coloured wine-red (Biot & Persoz) ; purple-red if the dextrin has been

prepared by heating 1 pt. of starch with 5 pts. water in a Papin's
digester, for J to J of an hour, not at all if prepared by heating in
like manner for 2 hours*. Also by treating starch with oxalic acid and water to
130 for an hour, neutralising the solution with chalk, and repeatedly precipitating the
dextrin from its solution by alcohol, a dextrin is obtained which is coloured purple-red
by iodine-water, whereas the dextrin obtained by heating in like manner for 2 hours is

not coloured by iodine-water. (Jacquelain, Ann. Chim.Phys. 73, 187 ; see also Delffs

Poyg. 109, 648.)
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With Metallic oxides. Metallic oxides insoluble in water generally

dissolve, as double compounds, in aqueous dextrin, in presence of a

slight excess of potash.

Barium-compound. Precipitated from a solution of dextrin in alcohol

of 56 p. c., or of wood spirit 50 p. c., saturated at 24, on addition of a

nearly saturated solution of hydrate of baryta in wood-spirit. The

precipitate is washed with weak wood-spirit, and dried in vacuo or in

air free from carbonic acid. (Payen.) The aqueous solution of dex-

trin prepared by roasting precipitates baryta-water; that which is

prepared with sulphuric acid or malt does not. (Delfts.)

Payen.

2 BaO
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mixed with alcohol, the resulting precipitate contains 10*17 per cent,

of lead. (Payen.)

An aqueous solution of dextrin is not precipitated \yyferrous sul-

phate (Payen) ; it docs not decolorize aqueous ferricyanide of potassium
mixed with

-J pt. hydrate of potash, even on boiling (Gentele, Dingl.

152, G8); neither does it precipitate merciirous nitrate or protochloride of
tui (Payen). Dextrin prepared with malt or by roasting throws down, white precipi-
tate from mercurous nitrate, that which is prepared with dilute sulphuric acid does not.

(Delffs, Pogg. 109, 648.)

Aqueous dextrin dissolves glucose ; the solution reduces a cuprio solution containing

potash, without previous blueing (Ventzke, J. pr. Chem. 25, 81).

Dextrin is insoluble in alcohol of sp. gr. 0*837 or 0*88 either

cold or boiling, but abstracts from it at the boiling heat a certain

quantity of water, and softens. When covered with 1000 pts. of

alcohol of sp. gr. 0*91, it does not dissolve completely even on boiling,
but the same alcohol in contact with a larger quantity of dextrin, dis-

solves the greater part of it at the boiling heat, amounting to 3 p. c.

of its own weight, and deposits it partly again on cooling, so that
after six days the quantity still remaining in solution amounts to -^
per cent, of the alcohol.

According to Payen, it dissolves readily in alcohol of 30 p. c., less

easily in alcohol of 45, not at all in alcohol of 80 p. c., and is precipi-
tated as a syrup by alcohol of 84 p. c. from its solution in weaker
alcohol. Anthon found that when dextrin prepared with malt was
boiled with 143 pts. alcohol of sp. gr. 0*95, the whole dissolved, but
half of it separated on cooling, whereas the same dextrin boiled with
3 pts. alcohol, likewise dissolved and separated on cooling*, to such an
extent only that 19 per cent, remained in solution. Hence Authon

regards this dextrin as decomposable by alcohol of sp. gr. 0*95

and the portion which separates on cooling as different from that
which remains dissolved.

Dextrin is soluble in methylic alcohol. The solution mixed with an

equal quantity of water is not precipitated by common alcohol of 50

per cent. (Payen.)
Insoluble in ether. (Guerin-Varry.)

Appendix to Dextrin.

1. Pyrodextrin.

GELIS (1857). N. Ann. Chin. Phijs. 52, 388; N. J. Pharm. 33, 405;
abstr. Compt. rend. 45, 991 ; Chem. Centr. 1858, 1G4.

Formation and Preparation. By the roasting of starch (appearing,
indeed, to be the only coloured substance thereby produced), of cereal

grains, potatoes, maize, or coffee. Starch is heated, with constant

stirring, in an open vessel strongly heated on one side, fresh portions

being continually brought in contact with the hot part, till it is free

from adhering water, swells up strongly, gives off pungent vapours,
and sinters together, so that it is easily separated from the hot
bottom of the vessel. It is dissolved in hot water ; the clear filtrate

evaporated, and the residue dried and heated by small portions hi an
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air-bath to 220 230, to complete the roasting. The spongy pro-
duct thus obtained is purified, especially from adhering dextrin, by
repeatedly dissolving it in water and precipitating the solution with

alcohol, as long as dark flakes continue to separate or, in presence
of a large quantity of dextrin, by precipitating the aqueous solution

with excess of baryta-water containing alcohol, washing the resulting

precipitate with weak spirit, pouring upon it a quantity of sulphuric
acid sufficient to decompose it, filtering the liquid to remove sulphate
of baryta, and precipitating the filtrate with alcohol. The pyrodextrin,
which separates in the form of syrup, is dissolved in a small quantity
of water, the filtrate evaporated over the water-bath, and the residue

dried at 140.

Properties. Solid, brown, friable mass, shining and tough when
moist. Inodorous and tasteless.

Gelis.

at 160.

96 C ; , 576 46-37 4571
74 H . 74 5-95 6'20

74 O 592 47-68 48-09

C96H"4O74 1242 100-00 100-00

According to Gelis, it is C48H3"03? = 4C12H9O9 + HO.

Decompositions. 1. Remains unaltered at 210 220, but decom-

poses at a higher temperature ; takes fire with difficulty, and leaves a

hard, coherent, slowly-burning cinder. 2. Treated with nitric acid, it

yields oxalic acid. 3. By oil of vitriol or strong hydrochloric acid, it is

converted into a sparingly soluble brown powder ; dilute sulphuric or

hydrochloric acid alters it but very slowly, even when heated. 4. It

reduces cuprous oxide from an alkaline solution of cupric oxide, and from
solutions of gold- and sz7t?er-salts, it reduces the metals.

Combinations. Pyrodextrin when exposed to the air takes up 3 at.

water, and afterwards dissolves readily in water forming a brown
adhesive gum.

Aqueous pyrodextrin is not coloured purple-red by iodine (like dex-

trin), but is decolorised by moist hydrate of alumina.

Barium-compound. Obtained by precipitating aqueous pyrodextrin
with baryta-water, washing the precipitate with weak alcohol, and

drying it in a space free from carbonic acid. Sparingly soluble in

water, soluble in glacial acetic acid.

Gelis.

96 C 576 .... 37-64 .... 36'92

72 H 72 .... 4-70 .... 4-90
72 O 576 .... 37-64 .... 37 98
4 BaO 306-4 .... 20-02 .... 20 20

C96H72Ba4O"6 1530-4 .... 100-00 100-00

Lead-compounds. Pyrodextrin forms several compounds with oxide"
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of lead. The neutral compound is obtained by mixing aqueous solu-

tions of pyrodextrin and neutral acetate of lead, and precipitating* the

mixture with absolute alcohol, or better, by precipitating* a concen-
trated aqueous solution of pyrodextrin with excess of neutral acetate of

lead dissolved in alcohol ; dissolving the black semifluid precipitate
several times in water and precipitating with alcohol; and lastly,

evaporating the aqueous solution of the salt so purified, first on a

water-bath, then in a drying-oven.

Very soluble in water, easily precipitated therefrom by alcohol.

Not affected by the carbonic acid of the air.

OG c
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of starch and woody-fibre, were formerly classed among the gums, till

Biot distinguished dextrin therefrom, on account of its action on

polarised light.

Guerin-Varry regards as characteristic of gum, the capability of

forming mucic acid with nitric add. His classification distinguishes :

1. Arabin, soluble in water. 2. Bassorin, insoluble in water.

3. Cerasin, likewise insoluble in water, but converted into arabin by
boiling with water. Guibourt distinguishes several subdivisions.

Berzelius (Lehrbuch, 3 Aufl. 6, 396) distinguished two classes of gums :

1. True gum, soluble in water, either cold or boiling, to a thick, glutin-
ous liquid, insoluble in alcohol, precipitable by basic lead-salts, but
not by tincture of galls, mostly converted by nitric acid into mucic acid.

2. Vegetable mucus, perfectly insoluble in cold, soluble for the most

part in boiling water, in which it swells up to a thick mucilage, not pre-

cipitable by solution of borax or tincture of galls.
. Gum-arabic was shown by Neubauer to consist of the potash- and

lime-salts of a peculiar substance, arabin (arabic acid, according to Hek-

meljer), either of acid nature or related to the acids. Arabin is C 12
I:I
n 11

or C24PI22 22
,
and is capable of forming with lime a compound identical

with gum-arabic. Neubauer observed that arabin after drying merely
swells up in water without dissolving, but that its solubility is restored

by addition of bases. Gum-arabic undergoes a similar alteration when
its highly concentrated aqueous solution is poured upon the surface of oil

of vitriol, or when it is roasted with oxalic acid (Fremy), or heated for

some time to 150 (Gelis), being converted, by the former treatment,
into Fremy's metagummic acid ; by the latter into Fremy's metagum-
rnate of lime, Gelis's artificial cerasin. The portion of cherry tree gum
(Guerin-Varry's cerasin), which is insoluble in water, is, according to

Fremy and Gelis, metagummate of lime, and, like that substance, con-

vertible into gummate of lime. The portions of Bassora gum, insolu-

ble in water, yield, under the influence of alkalis, a product different

from gummate of lime, but likewise soluble in water. (Fremy.)

Arabic Acid and Gum-arabic.

CWH"011 or C^PF'O22
.

CRUIKSHANK. Scher. ,/. 3, 289.

BOSTOCK. N. Gehl. 8, 573,

VAUQUELIX. Ann. Chim. 6, 178; 54, 312; 80, 315. #<///. PJiarm.

3,49.
PFAFF. System d. Mat. med. 1, 102.

BERZELIUS. Ann. Chim. 95, 77.

TROMMSDORFF. JV. Tr. 22, 2, 254.

GU^RIN-YARRY. Ann. Chim. Phys. 49, 248 ; Schw. 65, 220 ; N. Tr. 26,

2, 155; abstr. Pogg. 29, 50; Bert. Jahresb. 13, 276.- Ann Chim.

Phys. 51, 222.

BIOT & PERSOZ. Ann. Chim. Phys. 52, 85 ; Pogg. 32, 160 ; Schw. 68,
163 ; abstr. Ann. Pharm. 6, 210.

GUIBOURT. J. chim. med. 8, 419 ; Ann. Pharm. 9, 221.
MULDER. Bull, de Ne'erlande, 1838, 167; abstr. J. pr. Chem, 16, 244.
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HERBERGER. Repert. 47, 19; Pharm. Centr. 1834, 193.

LASSAIGNE. J. chim. med. 18, 41 G and 821 ; abstr. Berz. Jahresb. 23, 381.

BUCIINER. Ann. Pharm. 45, 89.

SCHMIDT. Ann. Pharm. 51, 29.

Ni-:i-iiArER. J.pr. Chem. G2, 193; abstr. Pharm. Centr. 1854, 637.

Ann. Pharm. 102, 105 ; abstr. J. pr. Chem. 71, 255 ; Chem. Centr.

1857, 590.

LUDWIG. N. Br. Arch. 82, 33, and 153 ;
abstr. Chem. Centr. 1855, 37G.

A. (JKLIS. Compt. rend. 44, 144; N. J. Pharm. 31, 21 G ; J. pr. Chem.

71, 378; abstr. N. Br. Arch. 96, 192.

HKKMKL.TER. Sclieik. Verhandl. en Onderzoelc. 2, 2, 1G7 ; abstr. Kopp's
Jahresber. 1858, 482.

E. FREMY. Compt. rend. 50, 124 ; N. J. Pharm. 37, 81 ; abstr. Chem.
Centr. 1860, 607.

Vegetable gum. Pflanzengummi. Gomme, Muqueux. Giimmic acid (Fremy).'
Arabin (Neubauerj.

Sources. In the vegetable and animal kingdoms, in the former

universally diffused, as contents of the cells, or as secretion in the

gum-ducts, from which, as they burst, the guru exudes and slowly dries

and hardens on the bark. It forms the gum-arabic or gum-senegal
of commerce, which exudes from various species of acacia growing in

Arabia, Egypt, and other countries.

The following plants contain gum which, however, is only partially
identical with gum-arabic. The roots of Anacyclus Pyrethrum
(Phytochen^ 66);* Bryonia alba (Schwerdfeger, Jahrb. pr. Pharm. 7, 287) ;

Cephalis Ipecacuanha (Willigk, Wien. Akad. Ber. 5, 190) ; Rumex acutus

(Bley, N. Tr. 25, 2, 68) ; Typha angustifolia, especially in spring
(Lecocq, J. Pharm. 14, 221) ; Valeriana officinalis (Troinmsdorff, N. Tr.

18, 1, 3); the bulbs of Colchicum autumnale (Pelletier & Caventou,
Ann. Chim. Phys. 14, 69). The root-stocks of Asplenium filix f&minu
(Bock, N. Br. Arch. 65, 257) ; Polypodium vulgare (Desfosses, /. PJmnn.

14, 246); Veratrum album (Pelletier & Caventou, Ann. Chim. Phys. 14,

69). In the herb of Calluna vulgaris (Bley, Repert. 15, 329); the
bark of various species of Cinchona (Reichardt, Reichel, Phytochem. 50) ;

in Cinchona nova (Pelletier & Caventou, Winckler; Hlasiwetz, Ann.
Pharm. 79, 142); Croton Elateria (Duval, Phytochem, 23) ; Salic alba

(Pelletier & Caventou, J. Pharm. 7, 123; Repert. 12, 213); Sambncns
niara (Kramer, N. Br. Arch. 43, 20) ; Smetenia febrifuga (Overbeck,
N.Br.Arch. 68, 271). The leaves of Ampelopsis hederacea (AYittstein,

Repert. 46, 317); Calendula officinalis (Geiger, Diss. de Calend.
off'.

Heidelberg, 1818); Taxus baccata (Peretti, J. Pharm. 14, 537). The
leaf-buds of Populus nigra (Pellerin, J. Pharm. 8, 425; N. Tr. 7, 1,

390). The flowers of Calendula officinalis (Geiger, loc. cit.}\ Tilta?

(Marggraf, Pfaff Mat. med. 4, 92) ; Tropaolum majus (jMiiller, Ann.
Pharm. 25, 207) ; the honey-dew of Tilia parvifolia, in smaller quan-
tity that of T. grandijlora (Riegel, Jahrb. pr. Pharm. 14, 155); Crocus

(saffron) (Aschoff, Berl. Jahrb. 1818, 142). The fruit of Areca
Catechu (Morin, J. Pharm. 81, 449) ; Musa jiaradisiaca (Boussingault,
Phytochem. 84) ; Anassia sativa (Adet, Scher. J. 1, 663) ; Pyrus mains

* This and the corresponding references in the following pages, are to Rochleder's
(l
Phytochemie" in the German edition of Gmelin's Handbuch, vol. Tiii.

o 2
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(Berard, Phytochem. 17) ; Rulus fruticosus (Lupp, Ann. Pharm. 101, 219) ;

the unripe fruit of Citrus Aurantium (Lebreton, J. Pharm. 14, 377) ;

the ripe berries of Lonicera Xylosteum (Enz, Pharm. Viertelj. 5, 196) ;

Juniperus communis (Witting, N. Br. Arch. 91, 296); Vitis vini-

fera (Proust, N. Gehl. 2, 93; Berard). The seed of Amomum Grana
^Paradisi (Sandrock, N. Br. Arch. 73, 18) ; Croton Tiglium (Pelletier &
Caventou, Phytochem. 23) ; Hum crepitans (Bonastrc, J. Pharm. 10,

479) ; Ignatia amara (Pelletier & Caventou, Ann. Chim. Phys. 10, 147)
Eicinus communis (Geiger, N. Tr. 2, 2, 173); Piper nigrum (Pelletier,

Ann. Chim. Phys. 16, 337); rice (Braconnot, Ann. Chim. Phys. 4, 76);
the seed of Schoenocaulon officinale (Pelletier & Caventou, Ann. Chim.

Phys. 14, 69); maize (Stepf, J. pr. Chem. 76, 88).
Gum forms part of the exuded and hardened juice of the stems

of acacia, apricot, cherry, almond, peach, and plum trees, of the juice
of the lime tree (Riegel); of the juice of mangold-wurzel (Kircher,
Ann. Pharm. 31, 337); of the juice of Eosa rubrifoUa (Addams, Phyto-
chem. 16); of the milky juice of Ficus elastica (Nees v. Esenbeck &
Marquart, Ann. Pharm. 14, 42) ; Galactodendron utile (Solly, Phytochem.

75) ; Platanus occidentalis (John, Chem. Schrift. 4, 7) ; Lactuca virosa

(Pfaff & Link, Mat. med. 6, 501); hence it is also found in swollen and
hardened milky juice, the gum-resins of commerce, together with resin,

as in lactucarium (Walz, Ann. Pharm. 32, 85), asafoetida (Hlasiwetz,
Ann. Pharm. 71, 23), myrrh, incense, sandarach, &c. Olibanum, also

a gum-resin, contains a gum agreeing in properties with arabin.

(Hekmeljer). It occurs in gall-nuts (Guibourt, Ann. Pharm. 48, 359) ;

in the manna of Eucalyptus dumosa (Anderson, N. Ed. Phil. J. 47, 132 ;

J.pr. Chem. 47, 449); in trehala. (Guibourt, Compt. rend. 46, 1213).
Ulceolaria esculenta (Kirchhoff, Phytochem. 95), Lecanora Parella

(Schunck, Ann. Pharm. 54, 257), and ParmeUa parietina (Hcrberger,
Repert. 47, 179) contain gum.

Enumeration of Gums, whose preparation and behaviour with various re-agents are

described in the following places : 1. Gum-acajou, the dried juice of Anacardium
occidentale (Trommsdorff, N. Tr. 22, 2, 254 ; Ludwig, N. Br. Arch. 82, 33).

2. Gum Ammoniacum (Braconnot, Ann. Chim. 68> 73). 3. From Valerian

stalks (Bracconot, Ann. Chim. 70, 288). 4. Gum-bdellium (Pelletier, Schw.

5, 248). 5. From the seeds of the Baobab tree, Adansonia digitata (Vauquelin,
Schw. 35, 45). 6. From Catechu (Pfaff Syst. d. Mat. med. 2, 189). 7. Gum-
embavi (Ludwig, N. Br. Arch. 82, 33; Gruner, Pharm. Centr. 1851, 352).

8. From Gentian roots, Gentiana lutea (Braconnot, J. Phys. 84, 346). 9. From

Geoffroya bark (Huttenschmid, Phytochem, 8). 10. From Stag's morel (Biltz, N. Tr.

11, 2, 3). 11. From the bulb and leaves of the hyacinth (Bostock, N. Gehl. 8, 573 ;

Leroux, Scher. J. 7, 212; John, Chem. Schrift, 6, 14). 12. From Maize (Stepf,

J.pr. Chem. 76, 92). 13. From Misletoe-berries (Henry, Phytochem. 47). 14.

From Myrrh (Pelletier, Schw. 5, 254
; Braconnot, Ann. Chim. 68, 55

; Hekmeljer
ScheiJc. Verhandl. 22, 167). 15. Gum-opoponax ^Pelletier, Schw. 5, 259).
16. Persian gum (Martius, Ann. Pharm. 21, 63). 17. From Spanish pepper
(Braconnot). 18. From Rosewood (Guibourt, Ann. Pharm. 9, 227). 19. From

Saponaria-root (Schrader, ScJnv. 9, 139; Braconnot, /. Phys. 84, 289). 20. From
Senna-leaves (Braconnot, /. Phys. 84, 281V 21. From the tubers of Sun-flowers

Phytochem. 67). 22. From Tea-leaves (Mulder, Pogg. 43, 638). 23. From

Centaury (Schrader, Schw. 9, 143). 24. From Juniper-berries (Trommsdorff,
Phytochem. 79). 24. From Frankincense (Braconnot, Ann. Chim. 68,"63 ; Hekmeljer,
Scheik. Verhandl. 2, 2, 167). 25. From Bryony (Phytochem. 37 ; Brandes & Firn-

haber, N. Br. Arch. 3, 351).
A few of the somewhat better known gums are added as an Appendix.

In the An'nnnl Kin<j<1<nn, OY)ckchafers, silk-worms, and (he liver arid
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gills of the craw-fish contain a gum agreeing in its properties with

arabin. (Stadeler, Ann. Pharm. Ill, 26.)

Formation. From the isomeric body, Metagummic acid. 1. By bringing
this substance in contact with aqueous alkalis or alkaline earths. (Neu-
bauer, Fremy). 2. By boiling mctagurnmate of lime with water (Gelis) ;

hence also the insoluble part of cherry tree gum is rendered soluble by
prolonged boiling with water (Guerin-Varry), more quickly with

aqueous alkaline carbonates. (Fremy.) On the formation of gum by the

lactic acid fermentation of cane-sugar, according to Bensch's process (xi, 475), see

Cane-sugar; on the formation of gum by the decomposition of tannic acid, see that

substance. Hofmann obtained a gum agreeing with gum-arabic, by the spontaneous

decomposition of pyroxylin (p. 375). Gum is formed by the continued boiling of sea-

weed mucilage with dilute sulphuric acid. (Ed. Phil. J. 26, 409.)

Preparation. From Gum-arabic. A solution of gum prepared with
cold water arid as concentrated as possible is mixed with sufficient

hydrochloric acid to produce a strong acid re-action, and precipitatedwith
alcohol ; the precipitate is washed with alcohol, dissolved in water

containing hydrochloric acid, and again precipitated with alcohol ; and
the resulting precipitate is washed with alcohol till all the hydrochloric
acid is removed. (Neubauer). ^[. A strong solution of gum, mixed
with 4 or 5 p. c. of hydrochloric acid, is subjected to dialysis until it

no longer gives a precipitate with nitrate of silver. in operating with a

20 p. c. solution of gum, the proportion of ash can be reduced in this way to O'l p. c.

in 5 days. (Graham, Phil. Trans. 1861, p. 214, Chern. Soc. J. 15, 257;
Ann. Pharm. 121, 53.) f .

Properties. In the moist state, a milk-white amorphous mass, which
becomes glassy and transparent when dry. Eeddens litmus. (Neu-
bauer). Its power to redden litmus is comparable to that of carbonic

acid ; 100 pts. arabic acid is neutralised by 2-85 pts. potash. (Graham.)
Gum-arabic possesses loevo-rotatory power (Biot & Persoz) ; for pure
gum (?), [a] = 36 to the left, (Bechamp, Compt. rend. 51, 256.)
On the colours and figures of gum-arabic in polarised light, see Roussin (N. J. Pharm.

37,411) Diffusive power, half as great as that of tannic acid, 400
times less than that of chloride of sodium. (Graham.)

24 C
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Gue"rin-Varry.
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verted into metagummic acid. (Fremy.) Gum-arabic previously freed

from lime by oxalic acid is not converted into metagummic acid under
these circumstances (Fremy). When pulverised gum-arabic is tritu-

rated with oil of vitriol, it becomes coloured, after some hours ; arid on

diluting Avith water, neutralising with chalk, then filtering the solu-

tion, and evaporating, sulphogumrnic acid remains, together with a

peculiar gum resembling that which is produced from linen by the

action of sulphuric acid (Braconnot), and not capable of fermenting
with yeast (Guerin-Varry). Gum heated with oil of vitriol, becomes

carbonised, and forms water together with traces of acetic acid (Proust,
A. Gehl. 3, 43), artificial tannin (Ilatchett), and malic acid (Link).

The aqueous solution of gum-arabic, when left to stand for some
time in contact with dilute sulphuric acid; loses its Isevo-rotatory

power more quickly when heated or boiled with the acid and, if the

temperature be gradually raised to 96
3

, quickly acquires dextro-rota-

tory power, which remains unaltered after prolonged boiling. At the
moment when the rotatory power changes from left to right, the
solution contains gum-dextrin, precipitable by alcohol, resembling gum-
arabic when dry, yielding mucic acid with nitric acid ; but after boiling
for some time, it is no longer precipitable by alcohol, and then con-

tains a fermentable sugar (Biot & Persoz) ; probably identical with

galactose, the product obtained from milk-sugar by the action of acids.

(Berthelot, Chim. org. 2, 219.)
The acid mixture of gum-mucilage and dilute sulphuric acid, if left

to cool before it ceases to be precipitable by alcohol, deposits flocks

containing gum-dextrin mixed with gypsum. If the former be re-

moved by washing with acidulated water, and the latter by boiling
with dilute soda-solution and subsequent washing with acidulated

water, the flocks dissolve at the moment when all the acid is removed,

forming an optically inactive mucilage. (Biot & Persoz, Ann. Chim.

Phys. 2, 249.)

5. When gum-arabic is heated with water, bicarbonate of potash,
and iodine, iodoform is produced. (Millon, Compt. rend. 21, 828 ; J.

pr. Cliem. 37, 53.) Iodine does not colour gum-arabic (Ludwig);
aqueous iodic acid decomposes it at the boiling heat.

6. Powdered gum absorbs chlorine gas, with evolution of carbonic

acid, turning brown and deliquescing to a compound of decomposed
gum, with hydrochloric acid. (Bouillon-Lagrange & Vogel.) Gum
re-acts with chlorine, either moist or dry, exactly like starch (p. 83),

(Liebig). Chlorine gas passed through the aqueous solution, appears
to form citric acid (Vauquelin). Guerin-Varry and Simonin were not

able to find this acid. When chlorine gas is passed for some time

through a dilute solution of gum, the liquid, after standing for some

time, deposits white flocks, which have an acid re-action, even after

washing, smell like chlorine, and contain chlorine, nitrogen, and gum
(Guerin-Varry). When a gum-solution saturated by the prolonged

passage of chlorine is neutralised with chalk, and the filtrate evapo-
rated to a syrup is mixed with alcohol, a pasty lime-salt soluble in

water is precipitated, whereas on supersaturating with hydrate of

lime, an insoluble lime-salt is obtained. The latter, decomposed with

sulphuric acid, yields a peculiar, non-crystallisable acid, whose solution

is precipitated by neutral acetate of lead, but not by nitrate of silver.

(Simonin, Ann. Chim. Phys. 50, 319.)
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7. Powdered gum absorbs hyrochloric acid gas and deliquesces
to a soft brown mass, from which sulphuric acid eliminates hydro-
chloric acid. (Bouillon-Lagrange & Vogel.) Fuming hydrochloric
acid dissolves gum with brown colour, and separates carbonic

acid on cooling. The solution, after being neutralised with ammonia,
leaves on evaporation a residue which is soluble in alcohol, melts when
heated, and smells like burnt sugar. (Fourcroy.)

8. Gum immersed in fuming nitric acid is converted into xylo'idin

(Braconnot), nitre-gum (Bechamp); when immersed in nitrosulphuric

acid, it is converted into an explosive substance resembling pyroxylin
(Flores-Domonte & Menard, Svanberg) ; into binitro-gum (Bechamp.)
Gum heated with moderately concentrated nitric acid, is decom-

posed, with formation of mucic acid (Fourcroy & Vauquelin), saccharic

acid (Guerin-Varry), oxalic and tartaric acids. (Liebig, Ann. Pharm,

113, 4.)

a. When 1 pt. gum is triturated in a cooled mortar with 3 pts.

fuming nitric acid, and after complete solution, the still gumrny liquid
is diluted with 20 30 pts. water, a precipitate is formed consisting of

dextro-rotatory nitro-gum C 12H9 9
,N0

5
, which, after washing and

drying, cakes together into a horny mass, and dissolves in alcohol of

90 p. c., whence it is obtained as a white mass which becomes electric

by friction. (Bechamp.) When a solution of 1 pt. gum in 5 pts.

fuming nitric acid is precipitated by 3 pts. oil of vitriol, and the cake is

comminuted and suspended in 20 30 vols. water, a hard precipitate is

obtained which remains pulverulent after drying, and yields to alcohol

95 p. c. of dextro-rotatory binitro-gum, C 12II8 8
,2N0

4
,
whilst another

compound remains dissolved. (Bechamp, Compt. rend. 51, 256. See
also Flores-Domonte & Menard, Compt. rend. 24, 89; N. J. Pharm. 12, 159; Svan-

berg, Berzel. Jahresber. 27, 394 ; Reinsch, Jahrb.pr. Pharm. 481, 102.)

6. Gum-arabic heated with an equal weight of nitric acid of sp. gr.
1*34 is but partially decomposed ; with two parts of the acid, it is de-

composed, with formation of saccharic acid ; heated with 4 pts. nitric

acid, it yields 16*88 p. c. mucic acid and a small quantity of oxalic acid;
with 6 pts. or more of nitric acid, a smaller quantity of mucic but a

larger quantity of oxalic acid is obtained. (Guerin-Varry.) Respecting
the formation of tartaric acid, see Milk-sugar. The saccharic acid produced at the

same time (xi. 513) was formerly mistaken for malic acid. Gum-arabic, WT
hicll is

leevo-rotatory, becomes dextro-rotatory under the influence of nitric

acid (and indeed by the action of dilute acids in general), this power,
however, becoming weaker as the oxidising action of the nitric acid, and
the formation of mucic acid begin and advance. The liquid now acquires

Ia3vo-rotatory power equal to that which the gum-arabic originally

possessed, then exhibits indications of the presence of oxalic acid, and

again loses part of its Isevo-rotatory power, without however becoming*
quite inactive, inasmuch as a laevo-rotatory substance remains dissolved
in the mother liquors. Hence the mucic acid appears to be formed
from a dextro-rotatory, the oxalic acid from a laevo-rotatory substance
contained in the gum. (Dubrunfaut, Compt. rend. 42, 232.)

9. Gum heated in sealed tubes with bromine, yields a colourless
or yellowish liquid, probably C 12H10 10Br2

, which, when treated with
oxide of silver, oxide of lead, or caustic soda, is converted into

isobicjlycolethylenic acid C 12H10 12
. (Barth & Hlasiwetz : see p. 232).
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10. By gaseous fluoride of boron gum is slowly liquefied, without

blackening'. (Bcrthelot, N. Ann. Chim. Phys. 38, 38.) 11. Gum on
which warm aqueous arsenious acid is poured, turns brown, perhaps with
formation of sugar. (Baumumi, N. Br. Arch. 37, 50.) 12. Heated
for some time with aqueous osmic acid, it yields oxalic acid, probably
also acetic acid, and a substance precipitable by basic acetate of lead.

(Buttlerow, J.pr. Chem. 56, 276.)

13. Gum heated to 150 with aqueous ammonia, is converted into a
brown nitrogenous mass, resembling that which is produced under
similar circumstances, from starch (p. 87). (Schiitzeriberger.) 14.

Heated with 4 5 pts. hydrate of potash and a small quantity of

water, it is decomposed, with formation of oxalate of potash (Gay-
Lussac), also of carbonate, formiate, acetate, and propionate of potash,
with the same appearances as are observed in the corresponding
decomposition of starch or of cane-sugar (Gottlieb; see vii. 135 ;

xv. 88;

also Cane-sugar). 15. By the dry distillation of powdered gum with

8 pts. quicklime, an oily distillate is produced containing acetone (ix. 1.)

and a small quantity of metacetone. (Fremy, Ann. Chim. Phys. 59, 6.)

16. Aqueous gum-solution mixed with a small quantity of nitrate

of silver, reddens immediately in sunshine, gradually in diffused day-

light, and gradually deposits metallic silver. (Rouchas, J. Pharm.

17, 116; N. Tr. 24, 2, 187). 17. Aqueous ferricyanide of potassium,
in presence of free alkali, oxidises gum to carbonic acid and water, but

less quickly than cane-sugar. (Wallace, Chem. Soc. Qu. J. 7, 77 ; J. pr.
Chem. 64, 77.)

18. Gum-solution does not ferment in contact with yeast (Cruik-

shank), it is not altered by the saliva or the gastric juice. (Frerichs ;

Blondlot, Handb. Zoochemie, viii, 577.) Gum left in contact with
cheese and chalk in a warm place, yields alcohol and a small quantity of

lactic acid, without previous formation of yeast, but neither mannite
nor glycerin. (Berthclot, N. Ann. Chim. Phys. 50, 365).

Combinations. With Water. Air-dried gum-arabic contains water,
which escapes in vacuo, or when the gum is heated. For further details,

see Arabate of Lime (p. 201).
Moist arabic acid dissolves readily in water, forming a solution

which is not precipitated by alcohol unless the arabic acid contains

mineral acids or salts. A drop of nitric acid, hydrochloric acid, or

solution of common salt added to the solution mixed with alcohol, pro-
duces complete precipitation. (Neubauer). Similar appearances are pre-
sented by the mucilage of Gummi arabicnm electum, when it is mixed with twice its

volume of alcohol of 76 vol. p. c. A drop of hydrochloric acid or solution of com-
mon salt produces coagulation ; a larger quantity of either liquid dissolves the whole.

With other sorts of gum-arabic, alcohol likewise produces coagulation which disappears
on addition of hydrochloric acid. (Ludwig, N. Br. Arch. 82, 155). According to

other statements, gum -mucilage is precipitated by alcohol, even if it contains only

T'j p. c. of gum. (See also Preparation of arabic acid, p. 197.)

The aqueous solution of gum-arabic or gum-senegal is called

Mucilage (Mucilago, Gummischleim). It is more or less viscid, glutinous,

transparent or translucent, colourless to pale yellowish brown. 100 pts.
of water at 15 dissolve 100 pts. of gum-arabic; at 100, from 108 to

116 pts. (Ilerberger) ; of guin-senegal, 100 pts. water dissolve 72 pts.
ut 15, and 96 pts. at 100 (Herberger) : according to Guerin-Varry,
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18-5 pts. at 20, and 24-14 pts. at 100. Mucilage is thickened by
borates, not by free boracic acid, or free alkali

;
acids restore the

fluidity (Schiller, Berl Jahrb. 1808, 186 ; Buchholz, Taschenb. 1811, 288 ;

Lambert & Gresecke, Schw. 43, 491 ; Vogel, Br.Arch. 17, 50 ; Herber-

ger ; Ludwig), Mucilage is precipitated by sulphate of soda (Barreswil,
N. J. Pharm. 17, 124) ; clouded and precipitated in white flocks by silica-

solution. (Thomson, Herberger), not, according to Guerin-Varry.
Aqueous ferric sulphate causes mucilage to coagulate to a jelly (Bra-
connot), an effect likewise produced by ferric chloride. Gum-solution
mixed with a small quantity of a ferric salt is not precipitated by
alkalis. (Rose.)

With Bases. Arabic acid unites with alkalis and alkaline earths,

forming arabates, which are precipitated from their aqueous solutions

by alcohol. It decomposes alkaline carbonates, and expels the carbonic
acid. (Neubauer.)

Ardbate of Potash. Precipitated by alcohol from the solution of

arabin in potash-ley free from carbonic acid. (Neubauer.)

36 C
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solving arable acid in lime-water and precipitating with alcohol, a pre-

cipitate is formed which contains 2*95 p. c. lime, and dissolves in

water, forming an alkaline mucilage. If a smaller quantity of lime-
water be used, the precipitate contains from 2-14 to 2*55 p. c. lime,
and has an acid or neutral re-action.

According to b. Neubauer.

24 C
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till the alkaline re-action disappears, but not till the whole of the gum
is precipitated ; the curdy precipitate, which is very friable when dry,
contains 38'25 p. c. oxide of lead (Berzelius, Lehrl). 3 Aufl. 6, 400) from
37-9 to 38-1 p. c. (Kiegel, N. J3r. Arch. 55, 155). When mucilage is

dropped into an excess of basic acetate of lead, the precipitate, after

drying at 130, contains 37'27 p. c. oxide of lead, but when the
basic acetate is added to excess of mucilage, the precipitate contains
30-15 p. c. (Mulder.)

Arctbate of Copper. From an aqueous solution of arabin mixed
with acetate of copper, alcohol throws down a precipitate of the
formula C l H10 10

, CuO + C 12HnOu (Hekmeljer). When aqueous gum-
arabic is mixed with potash-ley, and then with sulphate of copper, a

blue precipitate is formed, which is insoluble in pure water, and does
not blacken even at the boiling heat. (Trommer, Ann. Pharm. 39, 360.)

The sky-blue precipitate is permanent in the air, turns brown after

immersion for some time in boiling water, and after drying in vacuo,
contains 40*2 p. c. cupric oxide. (Lassaigne, J. cliim. med. 182, 416.)
When gum-mucilage is mixed with a small quantity of sulphate of

copper, then writh excess of potash-ley, and slightly warmed, an azure-

coloured solution is formed, which remains clear and blue when
boiled. If the gum contains sugar (which can be extracted by alcohol),

the protoxide of copper is reduced to dioxide (Ludwig, N. Br. Arch.

82, 157). When gum-mucilage is boiled for a long time with

aqueous cupric acetate, a brown precipitate separates, arid the filtrate

after standing for a while deposits red cuprous oxide. (Peschier, J.

Pharm. 3, 509.) Gum dissolves in aqueous cuprammonia (Cramer, J.

pr. Chem. 73, 15), and when added to a solution of cellulose in that

liquid precipitates the cellulose completely. (Schlossberger, Ann.

Pharm. 107, 24.)
Gum-solution dissolves mercnrous and mercuric oxide. (Peschier, J.

Pharm. 3, 509.) It forms a white precipitate with mercurous nitrate,

but does not precipitate mercuric salts or terchloride of gold (Pfaff ).

It is not precipitated by infusion of galls (Pfaff). Concentrated

gum-mucilage is not precipitated either by indigo or by carmine.

Maschke, J. pr. Chem. 76, 47.)

Arabic acid and gum-arabic are insoluble in alcohol and in ether.

Alcohol frees gum-arabic from foreign substances. Glycerin dissolves

gum-arabic (Cap & Garot, N. J. Pharm. 26, 81).

^[ With Gelatin. On mixing solutions of arabic acid and gelatin,

oily drops are precipitated which solidify to a nearly colourless jelly

by" standing. This compound melts at 25. It may be washed with

water without decomposition, but is slightly soluble in warm water,

more so in solution of gelatin. The oily drops and the jelly contain

83'5 p. c. water. Prepared with excess of arabic acid, and dried at

100, it contained 100 pts. arabic acid to 59 pts. gelatin. Solution of

gelatin is not precipitated by solution of unpurilied gum, or by solu-

tion of arabate of potash. (Graham. Phil. Trans. 1861, p. 215 ; Chem.

Soc. Qu. J. 15, 258 ;
Ann. Pharm. 121, 57). 1F
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Appendix to Arabic Acid and Gum.

1. Gum from Gamboge. When gamboge is exhausted with ether

and absolute alcohol, the residue boiled with water, concentrated
and precipitated by water, a gummy precipitate is obtained, which

may be freed from colouring matter by washing with alcohol. After

drying at 110 and trituration, it forms a pale yellow powder, contain-

ing 44-47 p. c.C., 6-16 II., and 49-370., therefore C 12H10 10
. With

nitric acid, it yields mucic acid, and with dilute sulphuric acid, after

12 hours' boiling, a red-brown, very sweet, non-fermentable sugar.

(Buchner, Ann. Pharm. 45, 89.)

2. Gum from Ipecacuanha root. The decoction of the root is freed

from phosphoric acid by precipitation with neutral acetate of lead ; the

filtrate is precipitated with basic acetate of lead, the washed precipi-
tate is suspended in water and decomposed by sulphuretted hydrogen ;

the liquid filtered from the sulphide of lead is concentrated to half its

bulk
;
and the gum is precipitated with alcohol of 98 p. c. It contains

44-45 p. c. C., 6-31 IL, and 49*24 0. (Willigk, Wien. AJcad. Ber. 5,

190.)

o. Gum from fermented Mangold-ivurzel Juice. The juice is preci-

pitated with alcohol ; the precipitate washed and dissolved in water ;

the solution precipitated with basic acetate of lead ; the precipitate

decomposed under water with sulphuretted hydrogen; and the filtrate

evaporated to dryness over the water-bath. Transparent, vitreous,

scarcely coloured mass, resembling gum-arabic. Contains 40*89 p. c.

C., 6-10 H., and 53'01 0. (Kireher, Ann. Pharm. 31, 337.)

Metagummic Acid.

A. GELIS. Compt. rend. 44, 144; N. J. Pharm. 31, 216; J. pr. Chem.

71, 378.

FBEMY. Compt. rend. 50, 124 ; N. J. Pharm. 37, 81 ; abstr. Chem. Centr.

1860, 607.

See page 193.

Perhaps a pectous modification of arabic acid. (Graham).

The acid in combination with lime forms Cerasin, the constituent of

cherry, plum, apricot, peach, and almond tree gum, wrhich is insoluble

in water, and, according to Fremy and Gelis, is identical with the
insoluble compound formed from gum-arabic.

Cherry tree gum is a mixture of arabin and ccrasin in variable pro-
portions (Schmidt); it contains 34'9 p. c. ccrasin, 52-1 p. c. arabin, and
from 1 to 3 p. c. ash and water. (Guerin-Varry.) Gummi Cerasorum
boiled with water leaves a residue of bassorin-jelly, whereas Gummi
Ptrstcorum dissolves almost completely. Both contain a certain quan-
tit}" of glucose, the latter also tnnnic acid. (Ludwig, JV. Br. Arch. 82,

152). Almond tivo gum iw almost wholly soluble in water. (Landoivr,
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Eepert. 56, 82.) The gum of the cherry tree and of the other trees

above-mentioned exhibits the same composition, nearly agreeing with
the formula C 12H10 10

(Guerin- Varry). When cherry tree gum is

evaporated with water and hydrochloric acid, alcohol added to the

solution, which has become mobile, throws down a gum containing
44-26 p. c. C., 6-27 H., and 49-47 0., therefore C 12H10 10

. (Schmidt,
Ann. Pharm. 51, 38.)

Formation and Preparation. 1. When oil of vitriol is covered with
a layer of a syrupy solution of gum-arabic, the gum is converted into

metagummic acid, which may be removed, washed and dried (Fremy).
2. Gum-arabic heated for some time to 150 becomes insoluble in

water (Gelis), and is converted into metagummate of lime. (Fremy, see

pp. 194, 198.) 3. Gum-arabic undergoes the same transformation when
roasted with oxalic acid. (Fremy.) 4. Neubauer's arabin is ren-

dered insoluble in water by drying, doubtless from conversion into

metagummic acid.

Cerasiri is obtained from cherry tree gum by dissolving out the
arabin with water, at 20, and drying the undissolved portions over
the water-bath. As thus prepared it is a colourless, semi-transparent,

very friable mass, which contains 8'4 p. c. water and leaves 1 p. c. ash.

It swells up in cold water without dissolving. (Guerin-Varry, Ann.
Chim. Phys. 49, 274.)

Metagummic acid prepared from gum-arabic with oil of vitriol

contains on the average, 40'96 p. c. C., 6-02 H., and 53'02 0. (Fremy.)
Its formula is C 18HII U

,
as appears from Neubauer's analysis of ara-

biri (more correctly, that of metagummic acid. Kr. see page 197.)

Metagummic acid is not altered by boiling with water, but when
boiled with alkaline water, or with a small quantity of lime, it is con-
verted into an arabate of the alkali or of lime. (Fremy.) In like

manner, natural cerasin in so far as it contains lime (Guerin-Varry)
and metagummate of lime obtained by heating gum-arabic (Gelis), are

dissolved by boiling with water. Natural cerasin likewise dissolves

more easily when boiled with water, after addition of an alkaline car-

bonate, and with separation of carbonate of lime. (Fremy.) Cerasin

boiled with nitric acid of sp. gr. 1-139 yields as much mucic acid as

gum-arabic. (Guerin-Varry.
Insoluble in alcohol.

Bassorin.

C"H10 10 or

GUERIN-VARRY. Ann. Chim. Phys. 40, 248 and 51, 222.

MULDER. J. pr. Chem. 15, 207 ; further, 37, 338.

SCHMIDT. Ann. Pharm. 51, 29.

LUDWIG. N. Br. Arch. 82, 33 and 153.

Traganthstoff (Buchholz), Traganthin, Adraganthin, Berzelius' Vegetable Mucus in

part The part of Bassora-gum, gum-tragacanth, and other gums,
which is insoluble in water and swells up therein.
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Sources. In Bassora or Kutera gum which, according to Vauquelin
and Frcmy, consists almost wholly of it, according to Guerin-Varry,
of 61-31 p. c. bassorin, together with arabin, ash and constituents

soluble in alcohol. See, on this subject, Guerin-Varry, Guibourt (J. Chim. med.

8, 419; Ann. Pharm. 9, 225), Vauquelin (Bull. Pharm. 3, 52), Ludwig (N. Br. Arch.

82, 32)._In^ cryow-#ww (Trommsdorff, N. Tr. 22, 2, 252). In the gum
of Cactus opuntia (Bazin & Guibourt, J. Pharm. 20, 525 ; Trommsdorff,
N. Tr. 19, 2, 35). In Gummi Simarubce (Ludwig). In false gum-
tragacanth (N. v. Eseribeck, Mag. Pharm. 25, 241 ; Brandes, Mag.
Pharm. 33, 4). Gum tragacanth contains, according to Buchholz (Tas-
chenb. 1815, 83) 57 p. c. arabin and 43 p. c. bassorin, together with
starch (but not always, according to Flaschhoff, Br. Arch. 21, 222.), the brown sort

containing more starch than the white, and consequently turning blue

with iodine (Fromberg, Mag. Pharm. 1826, 15, 169 ; Planche, J. Pharm.

13, 25). According to Guerin-Varry, it contains 53 '3 p. c. arabin,
33'1 p. c. bassorin, 11*1 p. c. water, and 2'5 p. c. ash; according to

others, little or no arabin. It leaves 3 '57 p. c. ash (Lowenthal & Haus-

rnann, Ann. Pharm. 89, 112); contains on the average 16-35 p. c.

water (Ludwig, N. Br. Arch. 82, 38). Boiling alcohol extracts from

tragacanth 1*56 p. c. : the solution was found to contain a bitter sub-

stance, SUgar being found in it only once. On the microscopical constituents

of gum-tragacanth, see Mohr (Bot. Zeit. 1857, 37) ; Hartig (Entwickl. d. PflanzenJc. 39)
Maschke (J. pr. Chem. 76, 49).

Gum-tragacanth dried at 17'5 contains 40'5 p. c. C., 6'61 H., and
52*82 0. (Hermann.) Select gum-tragacanth dried between 100 and
110 contains 45-25 p. c. C., 6'00 II., and 48'75 0., after deduction of

1-75 p. c. ash. (Schmidt.)

Preparation. Gum-tragacarith or Bassora-gum is exhausted with
cold water, and the insoluble residue is dried. (Guerin-Varry.)
Trommsdorff employs acajou-gum, and washes the residue likewise

with alcohol.

Schmidt pours cold water on lumps of pure gum-tragacanth ; leaves

them to stand for 24 hours ; agitates the swollen mass with alcohol

containing hydrochloric acid, till it cakes together ; decants the alco-

hol from the lumps ; suspends them in water ; again agitates with
alcohol containing hydrochloric acid, and so forth, till the liquid
which runs off no longer leaves any residue ; then removes the

adhering acid by washing with alcohol, and dries the residue on glass

plates. The product thus obtained must contain arabin, if that substance was pre-
sent in the tragacanth. (Kr.)

Properties. Colourless, semitran sparent, difficultly friable gum;
when prepared from tragacanth, it forms dirty white scales. (Guerin-
Varry.) Inodorous and tasteless. Permanent in the air. See also

Maschke (J. pr. Chem. 76, 48). Not digestible. (Frerichs, Handb. Zoo-
chem. viii. 577.)

Guerin-Varry.
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So, according to Schmidt. His bassorin still left 6'65 p. c. ash, and when further

heated to 170, lost 5'22 p. c. water, after which its composition agreed with the formula

C 12H"O9
. a. From Bassora-gum ; b. from gum-tragacanth, after deduction of ash

= C12H nOn (Guerin-Varry). Isomeric with arabic and metagummic acids, but differs

from both (Fremy, N. J. Pharm, 37, 81). According to Mulder, it is C24H19O19
; he

is of opinion that Schmidt's bassorin was most perfectly dried.

Decompositions. 1. Gum-tragacanth dried at 100 in a current of

air, becomes yellowish when heated to 140, loses at the same time

1-73 p. c. of its weight, and at 150 decomposes with stronger colora-

tion (Mulder, vid. sup.). 2. Gum-tragacanth yields by dry distillation

carbonic acid and combustible gas, pyromucic acid containing a

little ammonia, and leaves charcoal, together with carbonate of lime

and a small quantity of phosphate. (Cruikshank.) 3. Tragacanth-
mucilage prepared with water acquires, after standing for some

weeks, the odour of sour paste and butyric acid. (Guerin-Varry.)
4. Bassorin heated with nitric acid yields 22 -6 p. c. mucic acid

and a small quantity of oxalic acid (Gu6rin-Varry) ; gum-tragacanth
likewise yields mucic (saccharic ?) acid, arid oxalate of lime (Scheele ;

Laugier, Ann. Chim. 72, 82.) Strong nitric acid converts tragacanth into

xyloidin. (Braconnot.) It causes bassorin to swell up in the cold and when heated

with it, forms a solution precipitable by alcohol
; weak nitric acid dissolves bassorin only

when heated, forming a solution precipitable by alcohol. (Trommsdorff.) y. Bas-

sorin is not altered by cold oil of vitriol, but is carbonised when heated

with it (Guerin-Varry). Tragacanth is carbonised by oil of vitriol,

and yields traces of artificial tannin. (Hatchett.) Dilute sulphuric
acid dissolves bassorin on boiling, forming a crystallisable, non-fer-

mentable sugar (Guerin-Varry), together with a gum whose aqueous
solution is precipitated by alcohol and basic acetate of lead. Tra-

gacanth swollen in cold water is converted into a mobile liquid by
continued heating or evaporation with dilute sulphuric, hydrochloric,
or oxalic acid, and ultimately dissolves with the exception of a few
flocks ;

alcohol added to the filtrate throws down a white gum
whilst glucose remains dissolved. The gum contains, on the average,
44-26 p. c. C., 6-25 H., and 49'49 0., Schmidt. 6. Bassorin is con-

verted by boiling with aqueous alkalis, into a soluble gum, which
resembles gum-arabic, but differs from it in the precipitability of its

solution by neutral acetate of lead (Fremy,). 7. Tragacanth-mucilage
boiled with quicklime turns yellow at first, but becomes colourless

again after two hours, whilst the precipitated lime appears yellow;
the clear liquid contains a lime-salt in solution. (Zeise.)

Combinations. Bassorin is insoluble in water, even at the boiling

heat, but swells up to a jelly when immersed in it. When tragacanth
is softened with 1000 or 1200 pts. of water, and the dissolved portion
is separated from the swollen, gummy mass, the latter, on being
mixed with a large quantity of water, at length becomes sufficiently
mobile to run through the filter in the form of a viscid liquid, each

drop extending itself into a thread (Berzelius, Lehrb. 3 Aufl. 6, 407).
If moist bassorin, which has not been previously dried, be boiled with
water for two hours, it forms a colourless mobile solution, which, when
evaporated, leaves a residue only partially soluble (Trommsdorff).
According to some statements, tragacanth yields nothing to water ;

according to others it yields arabin (vid. sup.).
Bassorin dissolves readily in hydrochloric acid, also in aqueous
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ammonia, and remains unaltered when the solvent is evaporated.

(Trommsdorff).

With Oxide of Lead. Tragacanth -jelly, diluted with a large quan-

tity of water, coagulates with basic aeetate of lead, slightly with the

neutral acetate. When powdered tragacanth is macerated for twenty-
four hours with cold water, the liquid strained through linen only a

small quantity of adventitious matter then remaining on the filter

then precipitated with ammonia and neutral acetate of lead, and the

precipitate washed and dried at 100, the product a is obtained. When
uncornminuted tragacanth is macerated in water for twenty-four hours,
the clear liquid poured off, two similar extracts prepared from the

residue, and each precipitated with basic acetate of lead, the precipi-
tates b, c, and d are obtained (Mulder). As the organic substance of

all these precipitates has nearly the same composition, Mulder con-

cludes that tragacanth does not contain arabin, but only a certain

constituent, which, according to him, is pectic acid.

Mulder.

PbO



210 CARBO-HYDRATES

of various species of Orchis (Salep mucilage). From the seeds of Plantago

Psyllium (flea-wort), of Linum., of various species of Salvia and other
Labiates* and of quinces. From the bark and leaves of the lime and
elm. From Sphcerococcus crispus, the mucilage forming nearly the
entire alga, and from Fucus saccharinus.

On marsh-mallow mucilage, see also Trommsdorff (N. Tr. 19, 1, 164); on the

mucilage of flea-wort seed, Braconnot, (J. Chim. med. 17, 513; Repert. 75, 190); on
linseed mucilage, Vauquelin (Schw. J. 9, 142) on elm and lime mucilage, Braconnot

(N. Ann. Chim. Phys. 17, 352) ;
on the mucilage of diseased elms, also Vauquelin

(Ann. Chim. 21, 43). On the mucilage of Fucus saccharinus, Witting, Jun. (J. pr.
Chem. 73, 138).

Preparation. The undivided seed of flax, flea-wort, or quinces, is

macerated, with agitation, in cold water ; the liquid is strained, boiled

up, again strained, concentrated in the water-bath till alcohol preci-

pitates tenacious threads from it, then mixed with alcohol ; and the

precipitate is strongly pressed, left to swell up to a certain extent in

water, and agitated with alcohol containing hydrochloric acid, as long
as lime-salts are thereby removed. (Schmidt, Mulder.) Earlier state-

ments about vegetable mucilage relate chiefly to the decoction of certain parts of plants

evaporated down, or exhausted with alcohol, or again boiled with animal charcoal.

Properties. After drying it forms a horny or cartilaginous, amor-

phous, and generally colourless mass. Friable. Neutral.

12 C
10 H
10 O
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2. Marsh-mallow mucilage yields, by dry distillation, carbonic acid

and carl HI retted hydrogen, a distillate of empyreumatic oil and acid

water (containing ammonia) and a residue of charcoal. (Leo Meier.)
3. Vegetable mucilage boiled with dilute acids becomes mobile and is

resolved into gum and sugar. Quince mucilage is at first coagulated
by acids, and decomposed after a few hours ; the mucilage of flea-wort
and other plants is more easily decomposed. When salep-tubers, cut

into small pieces, are left to swell up in water, then crushed and digested
for some time with dilute sulphuric acid, cellular membrane is left

behind, and the filtered liquid contains gum and sugar. (Schmidt.),

4. Mucilage, boiled with nitric acid, yields oxalic acid, and,

according to older statements, likewise mucic acid. Marsh-mallow

mucilage, treated with nitric acid, yields oxalic acid (Meier) ;
mucic

acid (Trommsdorff). Flea-wort mucilage yields oxalic acid and
artificial bitter, without mucic acid. (Braconnot.) Linseed mucilage,
obtained by exhausting the seed with water, and evaporating the

extract, is decomposed by water into a soluble and an insoluble

portion, the latter only yielding mucic acid with nitric acid.

(Guerin-Varry.) According to Vauquelin and Meier, linseed mucilage
treated with nitric acid, yields oxalic acid, artificial bitter and mucic
acid

; according to Nageli & Cramer, the chief products are oxalic

acid, and a crystalline powder, nearly insoluble in dilute nitric acid and
in water, moderately soluble in aqueous potash. Quince mucilage
yields with nitric acid nothing but oxalic acid (Nageli & Cramer) ; so

likewise elm-mucilage (Braconnot). With strong nitric acid, linseed-

mucilage yields a small quantity of xyloidin. (Braconnot.) Vege-
table mucilages heated with nitrosulphuric acid yield a detonating
product. (Nageli & Cramer.)

5. Vegetable mucilage heated with oil of vitriol is charred, with
evolution of sulphurous acid. (Meier.) Quince-mucilage treated with
oil of vitriol is coloured blue by iodine (Kiitzing, Nageli & Cramer),
and splendid red after a few days by Uniodide of zinc. (Nageli &
Cramer.)

6. Elm-mucilage thickened by potash-ley, becomes fluid again on

boiling, and is converted into gum. (Braconnot.) 7. Mucilage is

decomposed by digestion with ivheat-glutin in the same manner as by
dilute acids. (Schmidt.) It is not altered by saliva, gastric juice, bile,

or pancreatic juice. (Frerichs, Handb. viii. Zoochem. 577.)
Vegetable mucilage swells up strongly when water is poured upon

it, but, according to Nageli & Cramer, it does not form a true solution.

The resulting jelly is impervious to alcohol, ether, and oils both fixed and
volatile. Dry linseed mucilage is but partially soluble in water. Quince -

mucilage also does not dissolve in water, either cold or hot, during
washing, if it has been precipitated from its aqueous solution by acids.

(Schmidt.) The aqueous solution of some vegetable mucilages solidi-

fies in a gelatinous mass ; that of others does not. On the swelling power
of quince-mucilage, see Nageli & Cramer.

The aqueous solution of flea-wort mucilage is not altered b}^ dilute

acids, but quince mucilage is coagulated by acids, alkalis, and many
.v.'/fx. (Schmidt). From the mucilage of Fucus saccharinus, nitric acid
and dilute sulphuric acid separate white flocks. (Watting, J. j>r. Chr/n.

73, 138). Iodine colours vegetable mucilage greenish yellow.
p 2
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Baryta-ivater coagulates marsh-mallow mucilage (Trommsdorff,
flea-wort mucilage (Bracormot), elm mucilage (Berzelius). Lime-water

acts in a similar manner. Salep mucilage boiled with weak potash-

ley forms a clear jelly after addition of a small quantity of chloride of

calcium. (Schmidt.) Vegetable mucilage is not thickened by borax

(Schiller, Berl Jahrb. 1808, 186, and others).

Vegetable mucilage is not precipitated, at least not completely,, by
neutral acetate of lead ; but the basic acetate produces complete pre-

cipitation. See Mulder's analysis of the lead precipitates. (/. pr. Ctiem. 15, 293.)
The mucilage of Fucus saccharinus is precipitated by neutral acetate of

lead. (Witting).

Vegetable mucilage is not altered by cupric or ferric sulphate.
It is insoluble in alcohol, and is precipitated from its aqueous solu-

tion by tincture of galls.

Saccharo'idal Substances CWH13 10
.

Finite.

C 12H12 10 or C 24IP020
.

BERTHELOT (1855). N. Ann. Cliim. Phy*. 46, 76 ; Compt. rend. 41, 392 ;

J. pr. Chem. 67, 233 ; Chem. centr. 1855, 699. Chim. org. Paris

1860, 2, 213.

JOHNSON. Sill. Am. J. [2], 22, 6 ; J. pr. Chem. 70, 245 ; N. Br. Arch.

93, 54 ; Chem. Centr. 1856, 765.

Pine-sugar ; FichtenzucJcer.

Occurrence. In the sap of the Pinus lambertina of California. This

liquid exudes from the stems, collects in cavities made with fire at

the bottom of the stems, and hardens into roundish masses. (Ber-

thelot.)

Preparation. From the crude hardened juice: 1. By dissolving it

in water, decolorising the solution with animal charcoal, leaving the

filtered liquid to evaporate, and recrystallising from cold water. The

crystals do not separate till the solution has stood for several weeks,
and they are slow of growth. (Bcrthelot). 2. The hot alcoholic solu-

tion is decolorised with animal charcoal and mixed with ether till tur-

bidity ensues. After, a few hours crystals appear, which may be

purified by recrystallisation. (Johnson.)

Properties. Hard colourless, radiate nodules, consisting of micro-

scopic, imperfectly developed crystals. Melts above 150. In vacuo,
near the boiling point of mercury, it forms white fumes without dis-

tilling. Its taste is almost as sweet as that of sugar-candy.
Sp. gr. 1*53. Rotatory power \_oC]j

= 58'6 to the right. Neutral.

(Berthelot.)
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Conjugated Compounds of Finite.

Pini-tartaric Acid.

CH36 7 Q

BERTHELOT. (1857.) N. Ann. Chim. Phys. 54, 84 ; abstr. Compt. rend.

45, 268 ; Chem. Gaz. 1857, 441 ; J.pr. Chem. 73, 159.

Pinit-tartersdure. A tide pinitartrique.

Formed, like dulci-tartaric acid, from 1 at. pinite and 3 at. tartaric

acid.

C6H6O5 + 3(C
8H6O12

)
- 6HO = C^H^O35

(Berthelot).

Lime-salt. Gives off 16'8 p. c. water at 100.

at 100. Berthelot.

60 C ....................................... 360 .... 30-5 .... 29'6

42 H .................................... 42 .... 8-5 .... 3'6

76 ........................................ 608 .... 51-7 .... 51-0

6 CaO ................................ 168 .... 14-3 .... 15-8

C6oH3oCa6O70jl2HO .. .. 1178 , .. 100-0 , .. 100-0

Benzo-pinite.

BERTHELOT. Chimie organique^ Paris, 1860, 2, 206. Compt. rend.

41, 452.

A. Mono-acid. Finite monolenzolque. C40H20 U
.

Finite is heated with benzoic acid in a sealed tube for some hours
to 200 250 ; the excess of benzoic acid is saturated with aqueous
carbonate of potash and finally with a small lump of solid caustic pot-
ash ; the liquid is mixed with an equal quantity of ether ; and the

supernatant ethereal solution is decanted, after standing quietly for a

while, then treated with bone-black, and evaporated, first over the

water-bath, afterwards in a strongly heated sand-bath :

2C14H6O4 + C12H12 10 = C^H^O 14 + 4HO.

Solid resin. Neutral. Hydrochloric acid gas passed through its

solution in absolute alcohol resolves it into benzoate of ethyl and
slowly crystallising pinite. By lime at 100, it is slowly converted
into pinite and benzoate of lime. Insoluble in water. Soluble in

absolute alcohol and in ether. (Berthelot).

B. Si-acid. Finite dilenzoique. C G8H38 22
.

Monobenzo-piuitc is heated to 200 250 with benzoic acid, and



QUERCITE. 215

the product is freed from excess of benzole acid in the same manner
as A :

4C14H fiO4 + C 12H12O10 = C^H^O22 + 4HO.

Solid. Neutral. Insoluble in water. Soluble in ether. (Berthelot.)

Quercite.

Qr C12H12 10
.

BRACONNOT. (1849.) N. Ann. Cliim. Phys. 27, 392 ; J. pr. Chem.

49, 232 ; Pharm. Centr. 1850, 92.

DESSAIGNES. Compt. rend. 33, 308 and 462 ; Ann. Pharm. 81, 103 and
251 ; Pharm. Centr. 1861, 746 and 959.

Sugar of Acorns. The name quercin was given by Scattergood (Repert. 34, 146)
to crystals from Quercus falcata; by Gerber (N. Br. Arch. 34, 167) to crystals from

oak-bark, the nature of which was not determined.

Discovered by Braconnot in the fruit of Quercus racemosa and Q. sessiliflora

(Handb. viii., Phytochem. 77); recognised as a peculiar substance, and investigated by
Dessaignes.

Preparation. The aqueous extract of bruised acorns is freed from
dissolved tanriic acid by heating it with lime ; the filtrate is left to

ferment with yeast, to remove the fermentable sugar, which hinders
the separation of the quercite ; the liquid, after filtration, is evaporated
to a syrup, and the crystals, which separate from it after a while, are
washed with cold alcohol, and recrystallised from water or weak spirit.

(Dessaignes, N. J. Pharm. 251, 30.)

Properties. Hard crystals, grating between the teeth, permanent
in the air. They belong to the oblique prismatic system. Rhombic

prism u. (fig. 99), having the obtuse edge truncated by t (fig. 97) ;

above, it has also the oblique end-face
,
and below, the face/ (fig. 94),

and the oblique prism a. The faces u are vertically striated. The
faces are unequally developed, u : u in front = 106 30' ;

u : t = 143

15'; tii 111 3'; * :/= 122 40'; i : /behind = 126 17', by cal-

culation, = 126 38' (nearly) by observation ;
a : a over i = 108 52'

by calculation, = 109 5' by observation ;
a : i = 144 26' by calcu-

lation, = 144 28' by observation ; u : i = 106 44' by calculation, =
10(5 15' 50' by observation ; u :/= 115 37' by calculation, = 115
15' (nearly) by observation (Senarmont, Rammelsberg's Handbuch, 224).
- Permanent at 215, melts at 235, and partly sublimes, a small

portion of the residue becoming carbonised. (Dessaignes.)

24 C
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Decompositions. 1. Converted by hot nitric acid into oxalic acid, not

into mncic acid (Braconnot, Dcssaigncs). 2. Triturated with oil of

vitriol, it forms a colourless solution containing- a conjugated acid, whose
lime-salt does not crystallise. 3. Nitrosulphuric acid converts it into

nitroquercite. (Dessaignes.) Nitroquercite is a white amorphous resin, in-

soluble in water, soluble in hot alcohol ; treated in alcoholic solution with sulphuretted

hydrogen, it is reduced to quercite, with separation of sulphur. (Dessaignes, Compt.
rend. 33, 462 ; Ann. Pharm. 81, 251.) Heated with tartaric acid, it forms

quercitartaric acid (Berthelot, Compt. rend. 45, 268) ; with lenzoic and

stearic acids, it forms benzo-quercite and stearo-quercite. (Berthelot,
Chiin. org. 2, 209.)

Not altered by boiling potash-ley, or by cupracetate of potash ;
docs not ferment

with yeast or with cheese (Dessaignes).

Combinations. Soluble in from 8 to 10 pts. of cold water. Aqueous
quercite dissolves a small quantity of lime.

With Baryta. .When 2 at. quercite (C
241I24 10 = 1 at.) and 4 at.

baryta are dissolved together in water, a large quantity of hydrate of

baryta crystallises out on cooling, and an additional quantity on addition

of alcohol ; after the removal of this deposit, there remains a gummy
solution which does not crystallise in vacuo. After drying in vacuo,
it contains 29*41 p. c. baryta and gives off 5*92 p. c. water at 150,
and is probably therefore C'WCP^BaO + 4HO (calc. 29*59 p. c.

BaO, 6*96 p. c. HO). (Dessaignes.)
From a warm solution of basic acetate of lead mixed with ammonia,

aqueous quercite throws down a copious white precipitate, which also

does not become crystalline on cooling. (Dessaignes.)
Quercite dissolves in hot weak spirit.

Conjugated Compounds of Quercite.

Querci-tartaric Acid.

BERTHELOT. (1857.) N. Ann. Chim. Phys. 54, 82 ; abstr. Compt. rend.

45, 268 ; N.J. Pharm. 33, 95 ; Chem. Gaz. 1857, 441
; J.pr. Chem.

73, 159.

Obtained, like dulci-tartaric acid, from quercite and tartaric acid.

= C44H32O 54 + 4HO.

Quercitartrate of Lime gives off 16'1 p. c. water at 110. (Ber-
thelot.)

44 C
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Benzo-quercite.

BERTIIELOT. Chim. org., Paris, I860, 2, 220. Compt. rend. 44, 452.

Benzoesaure'Quercit, Benzoesaure- Quercifester ; Quercite lenzolque.

Prepared, like monobenzo-pinite, by heating quercite with benzoic

acid for several hours, in sealed tubes, to about 200. Solid,

neutral. Dissolved in absolute alcohol and treated with hydrochloric
acid f/attj it is resolved into quercite and benzoate of ethyl. Insoluble

in li-ater, soluble in ether. (Berthelot.)

Carbo-hydrates CWH11 U
.

Milk-sugar.

C24H22 22 or C 12HnOn .

LICHTENSTEIN. (1772.) AWicmdl. vom Milchzucker. Braunschw. 1772.

CRUIKSHANK. Scher. J. 3, 293.

HERMBSTADT. Crell. N. Entd. 5, 31.

BOUILLON-LAGRANGE & YOGEL. J. Phys. 72, 208 ; Schiv. 2, 342 ;

Gilb. 42, 135.

BERZELIUS. Ann. Cliim. 95, 67.

BAUMANN. N. Br. Arch. 37, 47.

HAGEN. Fogg. 71, 532 ; J.pr. Chem. 42, 470.

A. BENSCH. Ann. Pharm. 61, 221.

POGGIALE. Compt. rend. 28, 505 ; N. J. Pharm. 15, 413 ; J.pr. Chem.

47, 13 ; /. Chim med. 25, 364.

BRENDECKE. N. Br. Arch. 78, 88.

KRAUSE & STADELER. Mitth. d. naturf. Gesellsch. in Zurich, 1854, 473 ;

Chem. Gaz. 1855, 67 ; Pharm. Centr. 1854, 936 ; Lieb. Kopp.
Jahresber. 1854, 746.

A. LIEBEN. Wien. Akad. Ber. 18, 180 ; Chem. Centr. 1856, 567 ;

J. pr. Chem. 68, 407.

PASTEUR. Compt. rend. 42, 347 ; Chem. Centr. 1856, 253 ; List. 1856,
91; J.pr. Chem 68, 427.

DUBRUNFAUT. Compt. rend. 42, 228; Chem. Centr. 1856, 233; Inst.

1856, 61 ; J.pr. Chem. 68, 422.

LUBOLDT. J. pr. Chem. 77, 282 ; abstr. Rep. Chim. pure, 2, 41
; N. J.

Pharm. 36, 306.

Lactin (Pasteur). Lactose (Dumas), but different from the lactose of Pasteur

(vid. inf.). Originally prepared by Fabrizio Bartholetti, in 1619, from whey, thence
called Manna or Nitrum seri lactis and afterwards by Bergmann, Galacticum Bartholetli.

Recommended as a medicine by Ludovico Testi in 1698.

Source. In the milk of mammalia. According to Dumas (Compt. rcn<J.

21, 707) it is not found in the milk of carnivora, excepting after they have taken food

containing starch or sugar ;
this statement is however contradicted by Bensch. Cream

contains a smaller proportion of lactin than the milk from which it is obtained.
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(Hoppe, Virchow's Arch. 17, 417.) On the quantity of milk-sugar in milk, see

Handb. viii, Zoochem. 260 ; on the determination of milk-sugar, ibid. 253 et seq. ;

on methods of estimation by the optical rotatory power, jsee Poggiale ( Compt. rend.

28, 584; Ann. Pharm. 52, 116).
The white of hens' eggs during incubation contains milk-sugar, according to

Winckler (Repert. 92, 46 ; Chem. Gaz. 90, 280) ; not, according to Lehmann, (Handb.
viii, Zoochem. 285). Brande thinks he has found lactin in chyle, (ibid. 221).
Braconnot's lactin of acorns is quercite (p. 214). According to Simon (Die
Frauenmilch, Berlin 1838 ; abstr. Berzelius Jahresber, 19, 714), the sugar of human
milk has a sweeter taste than ordinary milk-sugar, is less fusible, and yields with

nitric acid a smaller quantity of mucic acid ;
in other respects it resembles ordinary milk-

sugar.

Preparation. Milk kept in contact with rennet for the preparation
of cheese coagulates, with separation of whey-cheese. The whey
separated therefrom, if evaporated to the consistence of honey, yields,
after standing- for some time in a cool place, a crystalline deposit of

milk-sugar, which may be purified by repeated solution in water,
clarification and crystallisation, finally (according to Stadeler & Krause)
by repeatedly precipitating the aqueous solution with alcohol.

For the detection of milk-sugar, milk, diluted with 3 pts. water, is

heated to boiling with a few drops of acetic acid ; the liquid is filtered ;

the filtrate mixed with carbonate of magnesia and evaporated ; the

dry residue treated with alcohol to remove all matters soluble therein ;

and the uridissolved portion exhausted with hot water : on evaporating
this last-mentioned solution to a syrup, the milk-sugar crystallises out.

Properties. See Hydrated milk-sugar. Crystallised milk-sugar, heated

continuously to 140 145, is converted, with loss of 1 at. water, into

anhydrous milk-sugar. (Stadeler & Krause.) Dextro-rotatory power
[a]y = 59-3 (Berthelot), = 60 28 (Biot, Compt. rend. 42, 349).

12 C
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2. Milk-sugar yields, by dry distillation, carbonic acid and combus-
tible gases, aqueous acetic acid, empyreumatic oil, and charcoal.

(Cruikshank.) The acid watery distillate amounts to 61 p. c., is less

mobile than that obtained from cane-sugar, and more abundantly pre-

cipitated by alcohol. (Vauquelin.) 3. Milk-sugar heated in the open

fire, swells up, becomes brown and tenacious, gives off the odour of

burnt sugar, and burns with a white flame, leaving a large quantity of

charcoal. (Bouillon & Vogel.)

4. When oxygen gas is passed over milk-sugar mixed with spongy
platinum, the milk-sugar is completely resolved into carbonic acid and

"water. (Reiset & Millon, N. Ann. Chim. Phys. 8, 285.) Milk-sugar is

not altered by ozone. (Gorup-Besanez, Ann. Pharm. 110, 86.)

5. The aqueous solution of milk-sugar heated in a sealed tube'

turns yellow and finally dark brown, arid if afterwards left to evaporate,
leaves an acid deliquescent syrup, which does not crystallise even
after several months. The decomposition takes place slowly at 100,
more quickly at 130; between 105 and 110 it takes place, even if

the air is completely excluded and replaced by hydrogen. If the air

has access, oxygen is absorbed, and (a smaller volume of) car-

bonic acid is evolved. (F. Hoppe, Chem. Centr. 1860, 54.) Vohl (Ann.
Pharm. 105, 334) found that when a concentrated solution of milk-

sugar was heated in a sealed tube to nearly 200 and then left to cool,

the brown liquid no longer yielded with alcohol a precipitate of milk-

sugar, but when mixed with a larger quantity of alcohol, it deposited

crystals of grape-sugar [lactose ?]. A concentrated solution of

milk-sugar remains unaltered at ordinary temperatures if the air

is excluded ;
but if exposed to the air, it turns acid in the course of a

year and yields grape-sugar. (Lieben.)

6. Milk-sugar distilled with bichromate of potash and sulphuric acid

yields aldehyde. (Guckelberger, Ann. Pharm. 64, 98.)

7. Aqueous milk-sugar distilled with iodine and bicarbonate of

potash, yields iodoform (Millon, Compt. rend. 21, 828; J. pr. Chem. 37,

53). la. When a mixture of 1 at. milk-sugar, 4 at. bromine, and water
is heated to 100 in a sealed tube, the liquid becomes colourless, and,
on opening the tube, carbonic acid and hydro-bromic acid escape, with
the odour of bromide of ethyl. The residual brominated product is

strongly acid, decomposes with evolution of bromine when heated, and
cannot be obtained pure. When recently precipitated oxide of silver is

added to it, till the acid reaction disappears, and the liquid is then

filtered, a solution free from bromine is obtained, containing a silver

salt, which, when freed from silver by sulphuretted hydrogen and

evaporated, leaves an acid syrup. This acid forms, with ammonia, a
salt which crystallises well and is precipitated by basic acetate of lead,

with other bases, it forms uncrystallisable salts. (Illasiwotz, Ann.
Pharm. 119, 281.) The acid here formed is isobigly colethylcnic acid.

(Barth & Hlasiwetz, Ann. Pharm. 122, 96 ; see below p. 232.) 7 b. In

chlorine gas milk-sugar turns red and afterwards black, giving off

hydrochloric and carbonic acids. Prom the aqueous solution of the

residue, alcohol precipitates unaltered milk-sugar. By passing chlorine

gas through a warm concentrated aqueous solution of milk-sugar, a

liquid containing hydrochloric acid is obtained, which deposits crystals,
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having- the appearance of milk-sugar, but an. acid reaction. (Bouillon
& Vogcl.)

8. With strong nitric acid, milk-sugar forms, not xyloidin, but a

very bitter substance (Braconnot). Heated with many times its

weight of moderately dilute nitric acid, it is decomposed, with formation
of mucic, saccharic, tartaric, oxalic and carbonic acids, and the decompo-
sition-products of nitric acid.

When 1 pt. of milk-sugar is heated with 2-| pts. nitric acid of sp.

gr. 1-32 and 2-| pts. water till it dissolves, carbonic acid is briskly
evolved, together with the decomposition- products of nitric acid, and
if the heating be continued, mucic acid separates. The mother-liquor,
after the addition of \ of the quantity of nitric acid used at the com-

mencement, gentle boiling, arid concentration, yields an additional

quantity of mucic acid, the total quantity amounting to i of the

weight of the milk-sugar. The remaining mother-liquors and wash-
waters boiled, with frequent addition of nitric acid, as long as samples
taken out turn brown when supersaturated with potash-ley, contain
tartaric acid (probably formed by decomposition of the saccharic acid :

Liebig\ also oxalic acid and a small quantity of saccharic acid, which
last is present in greatest quantity immediately after the separation
of the mucic acid. (Liebig, Ann. Pharm. 113, 1.) The tartaric acid

appears to exist in the nitric acid solution as metatartaric acid (x. 327),
and only afterwards to be converted into crystallisable tartaric acid.

(Erdmann, J. pr. Chem. 79, 135.) The mucic acid is produced in

greatest quantity when dilute nitric acid is used and the liquid is not

very strongly heated, whereas carbonic and oxalic acid are produced
in proportion as the mucic acid diminishes. (Liebig, Pogg. 31, 349.)
When nitric acid containing hydrochloric acid is heated with milk-

sugar, a volatile cyanogen-compound is given off (Liebig).
Nitric acid acts on milk-sugar in two ways. a. It converts the

greater part of the milk-sugar into mucic acid, which then undergoes
further decomposition, yielding tartaric acid. b. The smaller portion
of the milk-sugar is converted by the nitric acid, as by other acids,

into grape-sugar, and then (like the latter) yields saccharic acid,

which also, by the continued action of the nitric acid, may be trans-

formed into tartaric acid (Heintz, Berl. AJcad. Ber. 1860, 263 ; Chem.

Centr. 1860, 726). But dilute acids convert milk-sugar, not into

grape-sugar, but into lactose, and this compound treated with nitric

acid yields, not saccharic acid, but mucic acid in twice the quantity of

that yielded under the same circumstances by milk-sugar (Kr.).
When milk-sugar is treated with nitric acid, as for the preparation

of mucic acid, the dextro-rotatory power of the solution is increased to

i|- of its original amount then diminishes and vanishes altogether, but

the liquid after a while again acquires dextro-rotatory power equal to

of the- original amount, which, however, likewise vanishes, if the action

of the nitric acid is continued, without reappearing. (Dubrunfaut.)
When milk-sugar is heated with 1 pt. of water and - nitric acid,

of 30 B., the solution, whose formation is attended with evolution of

carbonic acid and nitrous gas, leaves when evaporated a yellow mass
(soluble in hot but not in cold alcohol, and precipitated from the hot solution in the

form of a yellow powder), which contains neither oxalic nor malic acid, and
does not precipitate baryta-water, lime-water, or neutral acetate of

lead. (Bouillon & Vogel.)
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Heintz's view that the tartaric acid of milk-sugar proceeds from

the mucic acid is incorrect, because mucic acid, which is optically in-

active, yields racemic acid when treated with nitric acid, whereas

milk-sugar yields dextro-tartaric acid with only a slight admixture of

racemic acid (Carlcn, Coinpt. rend. 53, 343).

9. Oil of vitriol poured upon milk-sugar colours it brown and chars

it at 100. Dilute sulphuric acid leaves milk-sugar unaltered in the

cold, even after several weeks' contact (Bensch), but at higher tempera-

tures, increases its rotatory power by y
3
^, and converts it into a pecu-

liar fermentable sugar (Pasteur's Lactose), and partially into a dextro-

rotatory, non-fermentable substance (Dubrunfaut). The lactose thus

produced was formerly regarded as grape-sugar, till Bouchardat

pointed out the difference between the two. (Berthelot's Chim. organ.

2, 240). The liquid, if brought into the fermenting state at the

moment when the rotatory power has increased to -ff of its original

amount, is capable of yielding a quantity of alcohol equal to 37 per
cent, of the crystallised milk-sugar ;

if the heating with dilute sul-

phuric acid be continued, no alteration of the rotatory power takes

place, but the sugar decomposes. (Dubrunfaut.) According to Persoz

(J. Chim. me'd. 9, 419 ; Berz. Jahresber. 14, 380), the rotatory power of

milk-sugar is increased by addition of acids, diminished by boiling, and
is smallest when the milk-sugar has become fermentable.

10. When milk-sugar is covered with nitrosidphuric acid, and the

solution is precipitated by water, a compound (nitrolactide) is formed,
which detonates at 75 (Reinsch), not below 100 (Vohl), crystallises
from alcohol in nacreous laminae, does not give up its crystallisation-
water at 100, but when its alcoholic solution is boiled for some time,

parts with its water, takes up alcohol and becomes amorphous (Vohl,
Ann. Pharm. 70, 368 ; Reinsch, Jahrb. pr. Pharm. 18, 102). The nitro-

compounds formed from milk-sugar behave when heated like ternitro-

dulcite. (Bechamp, Compt.rend. 51, 258.)

11. With concentrated hydrochloric acid, milk-sugar becomes brown
and black, and by boiling with the dilute acid, it is converted into

ordinary sugar. (A. Vogel.) 12. Triturated with glacial phosphoric

acid, it turns red but does not carbonise (A. Vogel, J. Pharm. 1, 199) ;

with moist arsenic acid, it burns brown. (Eisner.) With arsenious acid

it behaves like cane-sugar. (Baurnann.) 13. By boiling with aqueous
iodic acid, it is slowly oxidised. (Millon, Compt.rend. 19, 271.) 14.

When triturated with 2 pts. chlorate of potash, it is set on fire by oil of

vitriol. (Bouillon & Vogel.)

15. Acetic acid docs not convert aqueous milk-sugar into grape-
sugar (lactose) even when heated (A. Vogel ; Struckinann & Bodeker,
Ann. Pharm. 97, 152). When milk-sugar is heated for 50 GO
hours to 100 120 with glacial acetic acid, butyric acid or tartaric acid,

water is eliminated, and compounds are formed analogous to those

produced under similar circumstances by grape-sugar. (Berthelot,
N. Ann. Chim. Phys. 54, 82 ; and GO, 98.)

When tartaric acid is heated with milk-sugar and the product is

treated in the manner described under "
Dulcite," two compounds are

obtained under slightly different circumstances, a. Galactoso-tetratar-
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taric acid C 44!!3^ 54
is produced, with elimination of 5 at. water, from

I at. milk-sugar and 4 at. tartaric acid, C 12HnOn + 4C 8H6 12 5HO.
The lime-salt of this acid gives off 19'2 p. c. water at 110, and then

contains 27'3 p. c. C., 5'2 H, and 17'2 p. c. lime, corresponding to the

formula C 44H24Ca6 54 + 10 Aq. (calc. 28'3 C, 3'6H arid 18'OCaO).
-

I. Trigalacto-tetratartaric acid C68
]:!

46
*}

70
, produced, with elimination of

II at. water, from 3 at. milk-sugar and 4 at. tartaric acid, 3C
12HnOn +

4C8H6 12 11HO. Its lime-salt (which reduces potassio-cupric tartrate

and yields with nitric acid a large quantity of mucic acid) contains,
when dried at 110, 34-1 p. c. C, 4-5 II and 9-2 lime (C

68H42Ca4 70 +
10 aq. = 34-60, 4-4H, 9'5CaO) (Berthelot, N. Ann. Chim. Pliys. 54, 82

;

abstr. Compt. rend. 45, 268 ; J. pr. Chem. 73, 159 ; Chem. Gaz. 1857,

441). In this Memoir, Berthelot gives for galactoso-tetratartaric acid and its lime-

salt, the formulae C^H^O28 and C22H 18Ca3O28,4HO, and for trigalacto-tetratartaric

acid and its lime-salt, C34H26O 38 and C34H21Ca2O2S2HO. The formula; above given are

from Berthelot's Cliimie organique 2, 296.

16. Milk-sugar heated in a sealed tube with aqueous ammonia, yields
a brown nitrogenous product, corresponding to that obtained in like

manner from cane-sugar. (P. Thenard, Bull. Soc. Chim. Paris, 1861, 42.)

17. Milk-sugar heated with potassium or sodium, carbonises with

faint glow, and converts the metal into alkali. (Gay-Lussac & Thenard.)

18. Crystallised milk-sugar triturated with an equal weight tfpotash-

hydrate remains unaltered ; but on adding half its weight of water, the

mass becomes heated to 115, and a brown solution is formed, contain-

ing carbonic acid, acetic acid, and a brown, somewhat bitter substance,
which is insoluble in alcohol and ether, deliquesces in the air, is deco-

lorised by chlorine, and forms precipitates with tin, lead, mercury, and

silver salts. (Bouillon & Vogelj. When milk-sugar is heated to 100 with

excess of alkali, \\ at. alkali is saturated by 1 at. milk-sugar (C
12

). (Dubrunfaut.)

When more strongly heated writh 4 or 5 pts. hydrate of potash and a

small quantity of water, it is decomposed, with evolution of hydrogen
and formation of oxalic acid. (Gay-Lussac, Ann. Chim. Pliys. 41, 398.)

Milk-sugar triturated with potash-hydrate and water, forms, with

rise of temperature, a brown liquid from which alcohol throws down
a thick brown syrup, while acetate of lime remains in solution. (See
also Combinations, p. 225.)

19. Milk-sugar is not altered by permanganate of potash. (Monier,
Compt. rend. 46, 425 ; J. pr. Chem. 73, 478.)

20. Aqueous milk-sugar mixed with cupric sulphate [hydrate (Bec-

querel, Ann. Chim. Phys. 47, 17; Berz. Jahresler. 12, 321), chloride or

acetate (Baumann)], then with excess of potash-hydrate, yields [if at

least 2 at. milk-sugar (C
l2HuOn,HO) are present for every 5 at. cupric

oxide (Stadeler & Krause)], a deep blue, clear solution which, when
heated, deposits cuprous oxide (Trommer, Ann. Pharm. 39, 360); if

the cupric oxide is in excess, the milk-sugar is converted into galactic

acid; with an insufficient quantity of cupric oxide, pectolactic acid

is likewise formed (Bodeker & Struckmaun, Ann. Pharm. 100, 264;
J. pr. Chem. 70, 420.)

Cupric acetate and nitrate arc reduced by milk-sugar at the boiling
heat, even without addition of potash (A. Vogel, Buchner) ; according
to Baumann, the acetate is not thus reduced. With the nitrate,



MILK-SUGAR. 223

according- to A. Vogel & Buchner, with cupric hydrate and potash

according to Becquerel, metallic copper is produced as well as cuprous
oxide. From cyanide of cop/wr and potatfttttfn, milk-sugar does not

separate cuprous oxide (Baumann).
When tartaric acid is added to the solution of cupric sulphate in

such proportion that, on supersaturating with potash, the whole remains

dissolved, and no cupric or cuprous oxide is separated on boiling (for

which, according to Stiideler & Krause, 3 at. tartaric acid are required
for every 1 at. cupric oxide), then also 8 at. hydrate of potash, milk-

sugar does not precipitate any cuprous oxide from the solution at the

boiling-heat. If 1 at. more of potash-hydrate be added for each 1 at.

cupric oxide, and the solution containing milk-sugar be then heated to

60, the liquid becomes turbid and deposits a yellowish precipitate,
which acquires a dingy orange-colour on boiling ;

it is not till the solu-

tion contains 3 at. free alkali to 1 at. cupric oxide that it yields, when
heated with milk-sugar, a precipitate of cuprous oxide, which rapidly
falls to the bottom (Stiideler and Krause).

From these or similarly prepared solutions (see Glucose), 1 at. milk-

sugar (C
12H11 11

,HO) reduces 7 at. cupric oxide (Rigaud, Ann. Pharm.

90, 297 ; Stadeler & Krause ; Schiff, Ann. Pharm. 104, 330). Accord-

ing to earlier determinations by Bodeker (N. Zeitsch. f. rat. Med. G,

201 ; Kopp's Jahresber. 1858, 818), 1 at. milk-sugar reduces 7*5 at.

According to his later determinations (Ann. Pharm. 100, 2G4), it reduces

6f at. cupric oxide. The quantity of oxide reduced is influenced by
the duration of the boiling, and varies between 7*62 and 7'96 at.

Hence, for the estimation of milk-sugar, by means of potassio-cupric

tartrate, it must be converted into grape-sugar (lactose) (Feliling,
Ann. Pharm. 104, 79). On the estimation of milk-sugar by means of potassio-

cupric tartrate, see also Poggiale (Comp. rend. 28, 505
; J. pr. C/iem. 47, 13) ;

Neubauer (N. Br. Arch. 72, 277).

21 . When aqueous milk-sugar is heated above 60 with oxide of lead,
it becomes brown and cmpyreumatic. (Berzelius.) 22. Aqueous
milk-sugar boiled with mercuric oxide reduces it but partially to mercu-
rous oxide (A. Vogel), but after addition of potash, to metal. (Bec-

querel.) It does not alter mercurous nitrate (Baumann). 23. Nitrate

of silver and nitrate of argentammonium are reduced by heating with

aqueous milk-sugar ; with bichloride ofplatinum, on addition of ammonia,
a deep red precipitate is obtained. (Baumann.)

24. Milk-sugar is not brought into the state of vinous fermenta-
tion by small quantities of yeast, but with larger quantities it ferments,
at 30, less quickly than grape-sugar, yielding alcohol and carbonic
acid. Yeast does not cause milk-sugar to ferment. (Fourcroy & Vauquelin, N. Gehl.

2, 646 ; Buehholz, Schw. 4, 350
; Bouillon-Lagrange & Vogel.) In a mixture of

milk- and grape-sugar, yeast, decomposes the latter, while the milk-sugar remains unal-
tered. (Berthelot, N. Ann. Chim. Phys. 50, 363.) Milk-sugar dissolved in water,

together with its own weight of yeast, begins to ferment at 30 (Cagniard de Latour,
Inst. 237, 224); mixed with 18'8 p. c. of its weight of washed upper yeast (Oberhrfe),
it yields between 12 and 25, alcohol and saccharic acid. (Schifl, Ann. Pharm
31, 132.)

The milk-sugar in whey ferments spontaneously after a while ;

the fermentation may also be induced by addition of casein, the pro-
ducts being lactic acid, alcohol, and carbonic acid. For details on the lactous

fermentation, see Cane-sugar, also xi, 473.

Milk likewise ferments spontaneously, and without addition of
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yeast, and yields alcohol (Kowsky, Aim. 1783, 65 ; Cagniard do

Latour), still more on addition of milk-sugar (Hess, Pogg. 41, 194 ;

Ann. Pharm. 21, 158). Spirit prepared by the spontaneous fermenta-

tion of mare's milk in sheep-skin bags, and subsequent distillation, is the

kumis of the Kalmucks (comp. G. Rose, Pogg. 32, 210). In this fermen-
tation Poggendorff (Pogg. 32, 209), Boutron & Fremy (N. Ann. Chim.

Phys. 2, 257), and others suppose that the formation of the alcohol is

preceded by conversion of the milk-sugar into grape-sugar. The
ferment which induces the spontaneous fermentation of milk is like-

wise found in milk which has been curdled out of contact with the

air; when decomposed by heating to 130, it is reproduced on expos-

ing the liquid to the air. (Hoppe.)
Milk-sugar fermented by contact with putrid casein or glutin at

15 20, yields alcohol. (Schill.) Milk-sugar mixed with cheese

and chalk, or with the tissue of the pancreas, yields alcohol and lactic

acid, together with a peculiar jelly, but no mannite. (Berthelot.) In

the fermentation of whey, whether spontaneous, or induced by yeast,

cheese, or a mixture of cheese and chalk, alcohol is obtained as well

as lactic acid, but in variable quantity, and less if the acid is neutra-

lised as fast as it is formed. The more dilute the whey, the more
does the alcoholic fermentation predominate ; it is induced by the

remains of the casein, which change to yeast, but soon become
inactive. (Luboldt.) In this reaction the milk-sugar is not converted
into grape-sugar (or lactose), but exists as milk-sugar in the liquid at

all stages of the fermentation. (Berthelot ; Luboldt, J. pr. Chem. 77,

282.) When milk, after standing for 11 days, is precipitated with a

large quantity of alcohol, and the filtrate, after evaporation to a

syrup, likewise treated with alcohol, unaltered milk-sugar is precipi-

tated, which could not therefore have been converted by the fermenta-

tion into another kind of sugar. (Hoppe, Arch. patJiot. Anal. 17, 417 ;

abstr. Kopp's Jahresber. 1859, 627.) In the solution of milk-sugar,

brought into the fermenting state by cheese, yeast, or glutin, Schill

formerly found grape-sugar.
Washed calf's rennet in contact with aqueous milk-sugar at 40,

forms lactic acid, without evolution of gas (Fremy, J. Pharm. 25, 599 ;

Ann. Pharm. 31, 188) ; also the expressed juice of brown cabbage or

fresh geranium-leaves, after addition of chalk. (Wackenroder.) White
of egg scarcely alters a solution of milk-sugar mixed with chalk, in

six weeks, but if coagulated and turned sour under water, it produces
lactic acid. (Wackenroder, N. Br. Arch. 46, 257.)

25. In contact with Schunck's erythrozym (from madder), milk-sugar
ferments, producing carbonic acid, hydrogen, alcohol, formic acid,

acetic acid, and succinic acid, and generally the same products that are

obtained from cane-sugar. (Schunck, Phil. Mag. J. [4], 8, 161 ; J. pr.
Chem. 63, 222.) For further details see Cane-sugar, p. 267. 26. Milk-sugar is

not altered by gastric juice. (Hoppe.) On the decompositions in the intes-

tines, blood, and pancreatic juice, see Handbuch viii, Zoochem. 553 and 589.

Combinations. A. With Water. a. Crystallised Milk-sugar.
Colourless or white crystals belonging to the right prismatic system.
Hardness between rock-salt and calcspar. Grates between the teeth.

Sp. gr. 1-534 (Schabus) ; 1'543 at 13'9, (according to Joule & Playfair).
Its taste is slightly sweet and rather sandy. Dextro-rotatory
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power [oi]j
= 56*4, vid. inf., p , 2^5. For the expansion, according to

Playfair & Joule, see Chem. Soc. Qu. J. 1, 121 ; Licb. Kopp. Jahresber.

18471848, p. 57.

The crystals are hemihedral and hemimorphous. Of the rhombic

octahedron, a (Jig. 41), the upper half is altogether wanting; of the

lower half, only the face a" and its opposite to the right behind are

present, together with the pairs of faces t and m (fig. 53) and the
horizontal face from figure 52. In these latter, the faces of the upper
half are more strongly developed than those of the lower half, whereas
with the i-faces, the contrary is the case. The face t is mostly curved,
and in the larger crystals, striated parallel to the combination-edge
with iY, which latter is also striated parallel to its combination-edge
with m

; hence the measurements are only approximate ; a : a over t

= 23 22'; a: m = 109 1'
;
a : * = 101 41'; ii : ii over t =

39 18' obs., 38 6' calc. ;
iY : t = 109 39'; ii : m = 160 21' obs. ;

160 57' calc. The differences between these angular data and
those given by Rammelsberg, arise from Rammelsberg having
used somewhat different parameters for the faces it. Cleavage
parallel to m. The faces t, iY, and m, have in the larger crystals, a

splendid mother-of-pearl lustre, which, in the smaller crystals, inclines

strongly to vitreous ;
a with unctuous or mother-of-pearl lustre.

(Schabus, Bestimmung^ 49 ; Rammelsberg's Nachtrag, 219.)*
Permanent at mean temperatures and at 100 ; gives off its water

slowly at 130, more quickly between 140 and 145, amounting on the

average to 5-08 p. c. (1 at. = 5'00 p. c.) and is converted into anhy-
drous milk-sugar.

At mean temperature or at 100.

12 C 72
12 H 12
12 O.... , 96

Liebig. Berzelius.

40-00 39-36 .... 38-73
6-66 6-67 .... 7-16

53-34 53-97 , 54*11

CwHuOu
f
HO 180 100-00 100-00 100-00

Gay-Lussac
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rate, it begins to deposit crystals as soon as it attains the density of

1*063 and contains 21*64 p. c. milk-sugar. (Dubrunfaut.) When milk-

sugar dissolves, heat is evolved, according to Dubrunfaut ; according
to Pohl (J. pr. Cliem. 82, 154), 175*2 grm. milk-sugar dissolved in

1*051 kilogs. water at 16*5 lowers the temperature to 15*62. The

dextro-rotatory power of a recently prepared aqueous solution of milk-

sugar is greater in the ratio of 8 to 5 than that of the same solution

after standing for some time or after being heated. The rotatory

power diminishes slowly at 0, more quickly on heating, and in two
minutes at the boiling heat, to that of [a] j = 56 4' for crystallised

milk-sugar. (E. 0. Erdmann, Lieb. Kopp. Jahresber. 1855, 671 ; Dubrun-

faut.) A warm saturated solution of milk-sugar, kept for 10 minutes
in a sealed tube crystallises when the tube is opened, and partially
when the temperature is raised from 10 to -f 18. (Lieben.)

B. With Acids. Pulverized milk-sugar absorbs hydrochloric acid gas

turning slightly grey, and if oil of vitriol is afterwards poured upon it-

gives off hydrochloric acid with violent effervescence. Aqueous hydrochloric
acid dissolves milk-sugar more freely than pure water. (Bouillon & Vogel.)

C. With Bases. Milk-sugar unites with bases, giving off water at

the same time (Berzelius, Brendecke). With aqueous alkalis or alka-

line earths, if the temperature be kept low and the action not too long
continued, compounds of milk-sugar may be formed which have less

rotatory power than the milk-sugar contained in them, yield unaltered

milk-sugar when decomposed, and contain 3 at. potash or soda to 1 at.

milk-sugar, C 12HnOu (Dubrunfaut, vid. inf.).

Milk-sugar absorbs 12*4 per cent, ammonia-gas, of which 5*8 per
cent, volatilises after exposure to the air for two hours, the rest

remaining more intimately combined (Berzelius).

Potassium-compound. The solution of 1 pt. potash-hydrate in 3 pis.

water dissolves 7 pts. of milk-sugar, and yields a precipitate with

alcohol after dilution with a small quantity of water. The flocculent,

strongly alkaline precipitate, easily soluble in water, is decomposed by
carbonic and other acids, with separation of milk-sugar. (Brendecke.)

Sodium-compound. The solution of 1 pt. soda-hydrate in 3 pts.

water dissolves from 20 to 21 pts. milk-sugar and is then precipitable

by alcohol (Brendecke).

Brendecke.

NaO 31 8'12 8-3

C24H23O23 351 91-88

C24H22O22iNaO)HO 382 100-00

Milk-sugar does not unite with common salt (Stadeler & Krause).

Barium-compound. Milk-sugar is triturated with baryta-water, and

the filtrate precipitated with alcohol. Contains 40*00 per cent, baryta,
and is therefore C24II22 22

,
2BaO (calc. 40*15 BaO) (Brendecke).

Calcium-compound. 'Milk-sugar forms, with lime, a soluble com-

pound containing equal numbers of atoms of lime and milk-sugar

(C
iaHuOn)

and an insoluble basic compound which is obtained by treating

milk-sugar with a large quantity of dry hydrate of lime (Dubrunfaut).
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When aqueous milk-sugar is added to milk of lime till the latter is

nearly dissolved, alcohol throws down from the filtrate a precipitate

containing 15*7 per cent, lime (Brendecke.) The solution of lime in

milk-sugar deposits, on exposure to the air, crystals of quinto-hydrated
carbonate of lime (Pelouze, Ann. Chim. Phys. 48, 307).

Lead-compound. When milk-sugar is digested with oxide of lead

and water at 50, a soluble compound is obtained, together with'

another suspended in the liquid. The latter, obtained by filtration in

air free from carbonic acid, is gummy, becomes grey and translucent

when dry, turns yellow and gives off water at 100, and then contains

63*52 per cent. PbO. The solution, which has a sweet, alkaline,

astringent taste, leaves, when evaporated in vacuo, a yellow gum
soluble in water, and containing 18*12 per cent. PbO. Fr^m its solu-

tion, ammonia precipitates the insoluble compound (Berzelius, Lehrb.

3 Aufl. 9, 690). Dubrunfaut doubts whether these compounds still

contain unaltered milk-sugar.

Milk-sugar hinders the precipitation of ferric salts by alkalis.

(H. Rose.) On the compound with cupric oxide, vid. sup.

Milk-sugar dissolves readily in distilled vinegar, and crystallises
unaltered on evaporation (Bouillon & Vogel).

Milk-sugar is insoluble in alcohol and ether.

Appendix to Milk-sugar.

1. Lactose.

C 12H12 12
.

PASTEUK (1856). Compt. rend. 42, 347; Inst. 1856, 91; J. pr. Chem.

68, 427; Chem. Centr. 1856, 253.

Gallactose (Berthelot), Mucoglucose. According to Berthelot, Bouchardat was
the first to distinguish lactose from grape-sugar. Lactose is perhaps identical with the

sugar produced by boiling gum with dilute acids (p. 199). (Berthelot, Chim. org.

2, 249). E. O. Erdmanii (Lieb. Kopp. Jahresber. 1855, 672) likewise recognised the

peculiar properties of lactose before Pasteur.

Milk-sugar is boiled for several hours with 4 pts. of water and
2 per. cent, oil of vitriol, the liquid neutralised with chalk, the filtrate

evaporated, to a syrup, and then left to crystallise.
Lactose crystallises more readily than grape-sugar, in nodules

consisting of microscopic, limpid, rectangular prisms acuminated at the

ends, more generally of six-sided, round-edged laminse having a pea-
shaped protuberance in the middle. Dextro-rotatory, power \_ai\j

83*22 at 15; in the recently-prepared solution it is stronger [a]/ =
139*06, but sinks to the former magnitude slowly at ordinary tempe-
ratures ; instantly on boiling.

Lactose yields with nitric acid twice as much mucic acid as milk-

sugar. From an alkaline solution it reduces as much cupric oxide as

grape-sugar, It ferments in contact with yeast. Tf the fermentation

Q 2
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be interrupted before it is complete, the liquid still contains unaltered

lactose, which therefore has not undergone any division or further

alteration during the fermentation. In this fermentation, the same

products are formed as in the fermentation of cane-sugar. (Pasteur,
N. Ann. Chim. Phys. 58, 356.)

Lactose dissolves in water. It does not combine with chloride of

sodium, and dissolves but very sparingly in cold alcohol.

2. Lactocaramel.

A, LIEBEN. (1856.) Wien. Akad. Ber. 18, 180 ; /. pr. Chem. 68, 407 ;

Chem. Centr. 1856, 548.

Anhydrous Milk-sugar (Berzelius, Lehrb. 3 Aufl. 9, 690).

Formed, together with variable quantities of anhydrous milk-sugar
and a substance insoluble in water, by heating milk-sugar to between
170 and 180.

Milk-sugar is heated for several hours to 180 ; the pulverised
residue is exhausted with boiling alcohol ; the insoluble portion which
has deliquesced to a syrup, is dissolved in water

;
and the filtrate is

evaporated.
Dark brown, brittle, shining mass, becoming, after trituration, of a

lighter brown than caramel.

24 C
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pound of lacto-caramel. Olive-green powder which gives off 3*55 p. c.

water at 100, and 7*85 p. c. at 150, acquiring a darker colour, and

blackening at a higher temperature. It is nearly insoluble in water.

By boiling it for some time with water, a solution is obtained, which
does not yield the compound by evaporation, but on addition of alcohol

deposits green flocks, easily soluble in water.

24 C
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With bases it forms the gallactates. These salts, according to

Bddeker & Struckmann, are bibasic, CUH3M2
0', amorphous and mostly

deliquescent.
The aqueous acid does not precipitate : baryta-water, the hydro-

chlorates of lime, baryta, zinc-oxide, ferric oxide and mercuric oxide,
or cupric sulphate, or nitrate of silver ; but from ferric acetate, it throws
down a red-brown, and from mercurous or mercuric nitrate, a white

precipitate.
The Gallactates of Ammonia, Potash, Soda and Baryta are deli-

quescent ; they remain, when their aqueous solutions are evaporated,
as amber-yellow amorphous masses, and are precipitated from their

aqueous solutions by alcohol, in white flocks which deliquesce on

standing.

Gallactate of Lime. Aqueous gallactic acid is digested with

pounded marble or neutralised with milk of lime, and the filtered

solutions are precipitated with excess of lime-water. White flocks,

forming when dry, a pale yellow powder. Dried over oil of vitriol, it

contains 24-5 p. c. lime (C
14H3 7

,2CaO + 3aq. = 24-78 p. c. CaO), gives
off 13-28 p. c. water at 110 (caic. 11-95), and then contains 28*26

p. c. CaO (C
14H3 7

,
2CaO = 28-14 p. c.).

Gallactate of Lead. Heavy white powder.

Over oil of vitriol. Bodeker & Struckmann.

14 C 84-0 .... 19-98 19*83
9 H 9-0 .... 2-14 2-11

13 104-0 .... 24-74 24-11
2 PbO -. , 223-4 .... 53-14 53'95

C14H3O7
,2PbO + 6aq 420-4 .... 100-00 100*00

14 C
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4. Pectolactic Acid.

C 18H8CP?

BODEKER & STRUCKMAKN. Ann. Pharm. 100, 264, abstr. J. pr. Chem.

70, 414.

Obtained in the preparation of gallactic acid, especially when the

milk-sugar is heated with an insufficient quantity of free alkali, and
less cupric oxide than is sufficient to convert it completely into gallactic
acid. Remains in solution after the gallactic acid has been pre-

cipitated with neutral acetate of lead, is precipitated by basic acetate
of lead, and obtained in the free state by decomposing the washed

precipitate with sulphuretted hydrogen, as described for gallactic acid

(p. 229).

Scentless, brown, acid syrup. After drying over oil of vitriol it

retains 5 at. water, at 100, 2 at.

Over oil of vitriol.

16 C 9fi ....
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pectolactate of ammonia, as a rust-coloured precipitate soluble in

soda-ley. a. Dried over oil of vitriol. Contains 6O8 p. c. Fe2 3
, gives

off 15-43 p. c. water at 120, and is therefore C' 6H6 10
,6Fe

2 3 + 14aq.
(calc. 60-91 Fe 2 3

,
15'81 aq.) b. Dried at 100. Contains 65-41 p. c.

Fe2 3
, gives off 9-1 p. c. water at 120, andisthereforeC 16H6O l0

,6Fe
2 3

,

+ 8aq. (calc. 65'39 Fe2 3 and 9-81 aq.). c. At 120. Contains from
71-4 to 72-4 p. c. Fe2 3

,
and is therefore C 18H6 10

,6Fe
2 3

(calc. 72'51
Fe2 3

) Bodeker & Struckmann.
Pectolactic acid is soluble in alcohol, insoluble in ether.

IT 5. Isobiglycolethylenic Acid.

C 12II10 13
.

HLASIWETZ (1861) Ann. Pharm. 119, 281.

EARTH & HLASIWETZ. Ann. Pharm. 122, 96.

Isodigtycoluthylensaure*

Formation. By treating milk-sugar or gum-arabic with bromine,
and decomposing the resulting brominated compound with moist

oxide of silver or of lead, or with caustic soda. The composition of the

brominated product has not been exactly ascertained. Earth & Hlasiwetz however

suppose that it has the composition C 12H 10O l0Br2 and is formed from milk-sugar by
the simple addition of 2 at. bromine [and elimination of 1 at. water]. The formation

of isobiglycolethylenic acid from it by the action of bases may then be supposed to take

place as represented by the equation : C12H10O10Br2 + 2AgO = C12H 10O12 + 2AgBr.
They find, in fact, that 2 at. bromine are sufficient for the production of this compound
from 1 at. milk-sugar, though in their earlier experiments they used 4 at. bromine,

supposing that a substitution-product would be formed (C
12HUOU + Br4 =

C 12H8Br2O10 + 2HBr + HO). Hydrobromic acid is, in fact, produced as well as car-

bonic acid and other products ; but these appear to result from a secondary action, and
are formed more abundantly as the proportion of bromine used is larger. Moreover
the decomposition of the compound C 12H8Br2O 10

by oxide of silver, &c., would yield,
not C12H10 12

, but C12H8 12
.

Preparation. 1. The milk-sugar, or gum, and bromine, together
with a convenient quantity of water, are enclosed, according to the

quantity of material used, either in sealed tubes or in strong glass
bottles (champagne or soda-water bottles) secured with caoutchouc

stoppers and binding wire, and heated in the water-bath for five or

six hours till the bromine disappears, and a colourless or yellowish

liquid is produced. The tubes or bottles are then opened, whereupon
carbonic acid escapes and an odour like that of chloroform becomes

perceptible ; the somewhat dilute liquid is neutralised with moist oxide

of silver or oxide of lead ; the pasty mass is washed on a filter with

hot water ; and the filtrate which, when oxide of silver is used, soon

becomes coloured by reduced silver is precipitated with hydro-
sulphuric acid. If the filtered liquid be then merely freed from hydro-

sulphuric acid by heat and concentrated, it does not yield the acid in

crystals, as it is still somewhat impure. To purify it further, it is eva-

porated to a small bulk at a gentle heat; freed from lime (which is

always present in commercial milk-sugar) by adding alcohol as long
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as turbidity is thereby produced ; then filtered ; distilled to remove the
alcohol

; diluted ; boiled to drive off the last portions of alcohol ; treated,
while still hot, with carbonate of cadmium till it ceases to effervesce ;

and the solution of the cadmium-salt, which has a slight acid reaction/
is decolorised with animal charcoal and left to crystallise, an additional

quantity being obtained from the mother-liquors. This salt is but

sparingly soluble even in boiling water
; the cadmium may, however,

be easily separated from it by passing sulphuretted hydrogen into a
thin paste of the salt, kept at the boiling heat in a flask, the acid
thus gradually set free dissolving the rest of the salt. Finally, the liquid
filtered from sulphide of cadmium is concentrated over the water-bath
to a thin syrup and left to crystallise ; it then, after a few days, yields

groups of crystalline needles, and the whole gradually solidifies to a
soft crystalline mass, which becomes friable when dried over oil of
vitriol in vacuo.

2. The liquid obtained as above by heating milk-sugar or gum
with bromine is saturated with soda and boiled ; whereby it acquires
an acid reaction. If again neutralised, concentrated, and left to

stand, it deposits a mixture of crystals, which must be freed from the

mother-liquor by pressure and redissolved. Isobiglycolethylenate of

sodium then crystallises out alone, and may be purified by animal
charcoal. It may be converted into the cadmium-salt by precipitation,
and the acid obtained therefrom as above.

Properties. Small, highly deliquescent needles. Taste sour and

agreeable, much weakened by dilution with water. Melts to a syrup
at the heat of the water-bath. Lsevo-rotatory. A solution, 72 mm.
long and containing 11-137 p. c. of the acid, produces a deflection of

2 to the left.

12 C
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iu vacuo, gives off, when heated to 100 for 24 hours, 13'9 p. c. water,

corresponding to the formula C 12H10 12+ 3HO (calc. 13-19 p. c.) A
sample heated for 12 hours only, gave by analysis 38*2 p. c. carbon,
and 6-02 hydrogen, corresponding to the formula C 12H10 12+HO.

The acid dissolves easily in water.

B. With Bases. All the salts of isobiglycolethylenic acid hitherto

obtained, except the lead-salt, agree with the formula C 12H9M012
.

The acid appears therefore (if it contains only 12 at. C.) to be mono-

basic, though, in its mode of formation and its reactions with nitric

acid and with potash, it appears rather to resemble the polybasic
acids. Most of its salts dissolve easily in water and crystallise well ;

the cadmium and silver salts however are but sparingly soluble.

They are insoluble in alcohol, which precipitates them from their

aqueous solutions. They contain water of crystallisation, which they
do not give off completely till heated to 140, and even then not without

partial decomposition.
The aqueous solution of the acid is not precipitated by baryta- or

Inne-water, by acetate of lead, either neutral or basic, or by mercuric

nitrate ; but acetate of lead mixed with ammonia precipitates it com-

pletely. It easily dissolves hydrated cupric oxide; does not alter

ferric chloride.

Ammonia-salt. On mixing the aqueous acid with excess of

ammonia, boiling till the odour of ammonia is no longer perceptible,

decolorising with charcoal, and concentrating to a thickish consistence,

the ammonia-salt separates after a few days in crystals, which may
be purified by recrystallisation. When prepared from a sufficient

quantity of material, it forms thick, solid, transparent, colourless

crystals belonging to the oblique prismatic system, sometimes 4 or

5 mm. broad, easily soluble in water, nearly insoluble in alcohol.

Earth & tilasiwetz.

Air-dried. mean.

12 C 72 .... 33-80 33-69

15 H 15 .... 7-03 7-37

N 14 .... 6-52 6-64

14 O 112 .... 52-65 52-30

C12H9(NH4
)O

12 + 2aq 213 .... lOO'OO 100*00

\ Heated for some time to 100, it gives off 3*68 p. c. (nearly 1 at.)

water, and at 120, at which temperature however it becomes slightly

brown, 8*74 p. c. (calc. 2 at. = 8'44 p. c.).

Potash-salt. Extremely soluble in water, and not obtainable in the

crystalline form. An alcoholic solution of the acid mixed with alcoholic

potash yields the salt in the form of a clotted precipitate which becomes

brittle and friable when dried at 100.

Soda-salt. Prepared as already described (p. 233), or by neutralising

the aqueous acid with carbonate of soda. Crystallises readily in tufts

of small colourless prisms containing 6 at. water, of which 4 at. or 14-45

p. c. (calc. 14-17 p. c.) are given off at 100.
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The quantity of water given off at 100 was in two experiments 13'03 and 13'42

p. c. ;
calculation for 4 at. gives 13"81 p. c.

I

Another hydrate containing 3j at. water was obtained from the

strongly coloured syrupy mother-liquid which remained after the pre-

paration of the lime-salt by treating the crude acid with carbonate of

lime. The colouring matter was removed by precipitation with acetate

of lead ; the filtered liquid was treated with hydro-sulphuric acid ; con-

centrated; precipitated with alcohol; and the viscid lime-salt thus
obtained was redissolved in water, decolorised with animal charcoal,
and crystallised. It was thus obtained in small crystals which filled

the liquid and reduced it to a pasty mass.

Air-dried. Earth & Hlasiwetz.

24 C 144 .... 31-51 31-39

25 H 25 .... 5-47 5'66

2 Ca 40 .... 8-75 8'81

31 O 248 .... 54-27 54'14

2C12H9CaO12 + 7aq. 457 .... lOO'OO lOO'OO

Cadmium-salt. (Preparation p. 233). The salt crystallises with different

quanties of water, according to the concentration of the solution from
which it separates.

a. C 12H9Cd012 + 3HO. Separates during the cooling of hot
saturated solutions, in small crystals united in friable aggregates, and

presenting under the microscope the appearance of oblique prismatic

(monoclinic) needles, very much flattened by the predominance of the
faces parallel to the clinodiagonal. They give off 10*12 p. c. water

(3 at. = 10-38) p. c. at 140, but do not become completely
anhydrous till heated to 150 in a current of air, and at the same time
become somewhat coloured. Very slightly soluble in water, even at

the boiling heat.

Earth & Hlasiwetz.

x"
-

Air-dried.

12 C
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Barth & Hlasiwetz.

12 C
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same). Compt. rend. 32, 333 ; N. J. Pharm. 19, 324 ; Ann. Pharm.

80, 342 ; J. pr. Chem. 52, 405 ;
in detail : N. Ann. Chim. Phys. 54,

377 (Sugar-lime). Compt. rend. 32, 421 (Analyses of Cane-sugars).
VENTZKE. J. pr. Chem. 25, 64; 28, 101 (Polarisation).
HOCHSTETTER. J. pr. Chem. 29, 1 (Decompositions).
DUBKUNFAUT. Ann. Pharm. 17, 283 (Manufacture). Inversion :

1. Compt. rend. 23, 38 ;
in detail : N. Ann. Chim. Phys. 18,99.

2. N. Ann. Chim. Phys. 21, 169 ; J. pr. Chem. 42, 418 ;
Pharm. Centr.

1849, 643. 1 to 3 'consecutively : Compt. rend. 32, 498. Estima-

tion: Compt. rend. 32, 249; Pharm. Centr. 1851, 278; Dingl. 121,

299. Compt. rend. 32, 857; J. pr. Chem. 53, 508; Dingl. 121,

305.

SOUBEIRAN. N. J. Pharm. 1, 1 and 89 ;
J. pr. Chem. 27, 281 (Trans-

formations of Sugar by Water and Heat). N. J. Pharm. 1, 469 ;

Ann. Pharm. 43, 223 ; J. pr. Chem. 26, 498 (Compounds with Lime,

Baryta, and Lead). Compt. rend. 28, 774 ;
in detail : N. J. Pharm.

16, 252; J.pr. Chem. 49, 65 (Sugar in Honey). N.J. Pharm. 10,

329 (Sugar-lime).
MAUMENE. Compt. rend. 30, 314, and 447; Pharm. Centr. 1850, 349 ;

Compt. rend. 39, 422 ; J. pr. Chem. 63, 75 ; Chem. Centr. 1854, 735 ;

Chem. Gaz. 1854, 413 (Caramelin). Compt. rend, 39, 914; J. pr.
Chem. 64, 147; -Chem. Centr. 1854, 920 (Action of Water).

-
Compt. rend. 42, 645 ;

J. pr. Chem. 69, 256 ; in detail : N. Ann.

Chim. Phys. 48, 23 (Preparation on the large scale). Compt. rend.

45, 1021 ; J. pr. Chem. 74, 232 (Formation of Alcohols by Fer-

mentation).
Alcoholic or Vinous Fermentation : PASTEUR. 1. Compt. rend. 45, 1032 ;

J. pr. Chem. 73, 451 ; Chem. Gaz. 1858, 61 ; Kopp's Jahresber. 1857,

508. 2. Compt. rend. 46, 179; J. pr. Chem. 73, 457; Ann. Pharm. 105,

264. 3. Compt. rend. 46, 857; J. pr. Chem. 73, 506 ; Ann. Pharm.

1,06, 338. 4. Compt. rend. 47, 224; J. pr. Chem. 74, 512; Chem.

Centr. 1858, 685. 5. Compt. rend. 47, 1011 ; J. pr. Chem. 76, 369 ;

Chem. Centr. 1859, 175 ;
2 to 5 also in Kopp's Jahresber. 1858, 484.

6. Compt. rend. 48, 640; Rep. Chim. pure, 1, 310. 7. Against
Berthelot, Compt. rend. 48, 691, and 737. 8. Compt. rend. 48, 735 ;

Rep. Chim. pure, 1, 355; Chem. Centr. 1859, 671. 9. Compt. rend.

48, 1149; Rep. Chim. pure, 1, 519; Phil. Mag. [4], 181, 239. 6 to

9 also in Kopp's Jahresber. 1859, 549. The whole 1 to 9, N. Ann.

Chim. Phys. 58, 323.

Lactous Fermentation: PASTEUR. Compt. rend. 45, 913; J.pr. Chem.

73, 447 ;
in detail : N. Ann. Chim. Phys. 52, 404 ; abstr. Kopp's

Jahresber. 1857, 510. Compt. rend. 47, 224 ; Kopp's Jahresber.

1858, 484. Compt. rend. 48, 337 ; J. pr. Chem. 77, 27 ; Kopp's
Jahresber. 1859, 553.

M. BERTHELOT. Transformation by Salts : Compt. rend. 34, 800 ;

N. J. Pharm. 22, 37 ;
Ann. Pharm. 83, 104 ;

in detail : N. Ann.

Chim.. Phys. 38, 57. Solubility of Lime in Sugar-water: N. Ann.

Chim. Phys. 46, 123. Compounds with Acids: Compt. rend. 41,

452 ; J. pr. Chem. 67, 235. Compt. rend. 45, 268 ; N. J. Pharm.

33,95; J. pr. Chem. 73, 157; Chem. Gaz. 1857,441; in detail :

N. Ann. Chim. Phys. 54, 74. Fermentation : Compt. rend. 43,

238 ; N. J. PAarm/30, 269 ; J. pr. Chem. 69, 454. Compt. rend.

44, 702; J.pr. Chem. 71, 821; in detail: N. Ann. Chim. Phys. 50,

322, Occurrence: Compt. rend. 46, 1376 ; in detail: N.Ann. Chim.
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Phys. 55, 286. Chimie organise fondee sur la synthesc, Paris,

1860.

BECIIAMP. Decomposition by Water and Salts: Compt. rend. 40, 436 ;

N. J. Pharm. 27, 274. Compt. rend. 46, 44; J. pr. Chem. 74, 405 ;

in detail: N. Ann. Chim. Phys. 54, 28.

BCIGNET. N. Ann. Chim. Phy&. 6i, 233.

Common Sugar. Crystallisdble Sugar. Sucre de canne. Rohrzucker. Sac-
charose (Berthelot). Known in India and China, from very early times,
and in Europe since the time of Alexander the Great. The culture of

the sugar-cane was imported, in the fourteenth and fifteenth centuries,
from Nubia, Arabia, and Egypt into Spain, Portugal, and the Canary
Islands, afterwards to America : it was only after this last importa-
tion that it came into general use. The presence of cane-sugar in

beet and other plants, indigenous in Europe, was first demonstrated
in 1747 by Marggraf, and its preparation on the large scale from
beet was introduced by Achard. An important auxiliary in the study
of the different varieties of sugar was afforded by the phenomena of

circular polarisation discovered by Biot.

Sources. In the vegetable kingdom universally diffused, existing

apparently in many plants, from which, in consequence of the mode
of examination formerly adopted, only fruit-sugar or grape-sugar
had been obtained. In the stems of Grasses : Of the sugar-cane,
Saccharum ojjicinarum ; of the Asiatic sugar-cane, Sorghum sac-

charatum ; of maize, and probably also of other cereals. The juice of

the sugar-cane contains more than 20 per cent, of cane-sugar,
unmixed with any other kind of sugar. (Avequin; Plague, J. Pharm.

26, 248 ; Peligot.) It contains no optically active substance except
cane-sugar. (Clerget.) The stems of Sorghum saccharatum, when
quite ripe, contain from 9 to 9| p. c. cane-sugar, but no fruit-

sugar (Gossmann, Ann. Pharm. 104, 335 ; Henneberg's landw. Jour-
nal 6, 294); Bergemarm found only fruit-sugar; Ludersdorff and

Fehling found cane-sugar and fruit-sugar. (Henneberg's landw. Jahrc^i.

1854, 245.) The unripe stems contain only fruit-sugar and starch,,
which latter disappears in the process of ripening, in proportion as

cane-sugar makes its appearance. (Jackson, Compt. rend. 46, 55
;

Leplay, Compt. rend. 46, 444.) The juice of maize-stems cut at the
at the time of ripening, is especially rich in cane-sugar, if the femalo
flowers have been removed during the flowering season ; it appears
to contain a little glucose as well as cane-sugar. (Soubeiran & Biot,,

Compt. rend. 15, 523 ; Pelouze, Compt. rend. 15, 580.) Maize-stems
cut shortly after the flowering of the plant, contain a quantity of

sugar amounting to between 7 '4 and 7*9 p. c. of the juice, and about
half consisting of cane sugar. (Ludersdorff.)

In the fleshy roots of Angelica archangelica (A. Buchner), Beta vul-

qarix, Chcerophyllum bulbosum (Payen), Cichorium Intybux, Dai/cus Carota,
Helianthnx ttihrmxus, Leontodon taraxacum, Pastinaca sativa, Sium Sisaruin,
and others. Field beet or mangold-wurzel contains, on the average,
between 7 and 11 p. c., in particular cases as much as 14 p. c. of cane-

sugar, the proportion varying with the kind of manure employed,
the locality, and the variety and size of the beet, the largest quantity
being yielded by the white Silesian sugar-beet. Small kinds are

generally richer in sugar than the larger. In one and the same beet,
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the leaf-head contains the smallest, the middle of the fleshy stem the

largest amount of sugar, Beet contains no other sugar than cane-

sugar (Payen, Compt. rend. 15, 618), but it contains another optically
active substance which is not altered by acids. (Clerget, N. Ann.
Chim. Phys. 26, 175.) (On the variations in the amount of sugar under different

influences, see Henneb. landw. Jahresber. 2 Abth. 1853, 27; 1854, 23; 1859 and

1856, 31.) In 'the tubers of Lathyrus tuberosus (Braconnot) ;
in the

sweet potato of St. Domingo (of Convolvulus batatas). Avequin
(J. Pharm. 21, 548).

In the stem of the sugar-maple, Acer saccharinum, of the sycamore,
Acer Pseudoplatanus, and other species of Acer (Cadell, Thorns. Ann.

10, 234) ; of some species of Betula (Schleiden) ;
in the vernal juice of

Juglans alba (Bigelow, Scher. Ann. 8, 118); of Tilia europcea (Riegel,
Jahrb. pr. Pharm. 14, 155). In several palms, especially the Saguerus

Eumphii of Java (Berthelot, N. Ann. Chim. Phys. 55, 286 ; comp. Pereira,
N. J. Pharm. 9, 345.)

In Fruits. The sugar which forms in fruits at the season of matu-

rity is always cane-sugar ; under the influence of a peculiar kind of

ferment, (vid. inf., p. 254) however, it may be converted wholly or par-

tially into inverse sugar ; so that the ripe fruit sometimes contains only
inverse sugar, sometimes both kinds together. Figs, grapes, cherries,

Spanish cherries, strawberries, of the variety called Princesse royale,
and gooseberries, contain no cane-sugar, but only inverse sugar;
other fruits contain both kinds in various proportions. (Buignet.)
The laevo-rotatory (inverse) sugar of grapes deposits on standing-

dextro-rotatory grape-sugar, and retains its Isevo-rotatory power, even
in the dried grape, with liquid or granular contents. If syrup of grape-

juice turns the plane of polarisation to the right, it is in consequence
of alterations which have especially affected the laevo-rotatory fruit-

sugar. Thus the Acarus farince and ants devour the lasvo-rotatory

fruit-sugar and leave dextro-rotatory grape-sugar behind. (Dubrunfaut,

Compt. rend. 29, 54.) Oranges, ripe or unripe, contain both kinds of

sugar, the relative proportion of the two changing during the process
of maturation. The quantity of inverse sugar remains nearly the

same, but that of cane-sugar increases in proportion to the total

weight of the solid matters as well as of the inverse sugar. (Berthelot
& Buignet, Compt. rend. 51, 1094.) Apples and pears contain cane-

sugar, and either a peculiar IBSvo-rotatory sugar, or more probably
inverse sugar, which, before the time of the observation, undergoes an

irregular decomposition, first attacking the dextro-rotatory grape-

sugar (as in Dubrunfaut's fermentation experiment), and thereby

giving the preponderance of rotatory power to the lawo-rotatory fruit-

sugar, formed from the inverse sugar. (Buignet.) Unripe bananas
contain a peculiar tannin, starch, and cane-sugar, the quantity of the last

increasing as the fruit ripens in proportion as the other two disappear.
In bananas artificially ripened after their removal from the tree, the

tannin and starch have likewise disappeared ; on the other hand, they
contain 15 p.c. sugar, one-third consisting of cane-sugar, and the remain-

ing two-thirds of inverse sugar, which latter appears to be formed from

starch during the process of vegetation, and is present instead of cane-

sugar in the artificially ripened fruit. The formation of cane-sugar in

fruits is not prevented by the presence of acids. (Buignet.) The

sugar of fruits was formerly regarded as distinct from cane-sugar ;

but the presence of cane-sugar has been demonstrated in melons by
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Paycn; in bananas by Aveqirin (J. Pharm. 24, 556), and in dates by
Bonastre (/. Pharm. 18, 725). On the amount of sugar in various
kinds of fruit, see Frcsenius, Ann. Pharm. 101, 219 ; Buignet, N. Ann.
Chim. Phys. 61, 243.

Walnuts, hazel-nuts, bitter almonds, and sweet almonds contain

only cane-sugar (Pelouze, Compt. rend. 40, 608) ; also the carob bean
or St. John's bread, the fruit of Ceratonia Siliqua (Berthelot), and
coffee-beans (Stenhouse, Graham & Campbell, Chem. Soc. Qu. J. 9, 33 ;

Chem. Centr. 1857, 54).
The nectar of the flowers of Rhododendron ponticum contains cane-

sugar (G. Jager, Tiedemann's Zeitschr. f. Physiol. 2, 173), which is even
found in crystals in the flowers of this plant. (Sthamer, N. Br. Arch.

59, 151.) The nectar of various kinds of cactus, contains scarcely any-
thing but cane-sugar, that of other flowers likewise contains fruit-

sugar. (Braconnot, J. Chim. me'd. 19, 3 ; J. pr. Chem. 30, 363 ; comp.

Ludwig, N. Br. Arch. 107, 10.) The honey of Polybia apicipennis, an
American wasp, yields crystals of cane-sugar. (Karsten, Pogg. 100,
550 ;

J. pr. Chem. 71, 315.) Common bees' honey contains laevo-rota-

tory fruit-sugar (in excess, according to Dubrunfaut), dextro-rotatory
grape-sugar, and cane-sugar ; the latter is found more frequently in

the liquid honey as it exists in the cells, and disappears almost entirely
when the honey is kept. (Soubeiran, N. J. Pharm. 16, 253 ; J. pr.
Chem. 49, 65; abstr. Compt. rend. 28, 775; Liel. Kopp. Jahresler. 1849,

465.) The cane-sugar of fresh honey is inverted during keeping by
the action of the adhering ferment, and may then deposit from 20 to

30 per cent, of dextro-rotatory grape-sugar, while Ia3vo-rotatory fruit-

sugar remains behind. (Dubrunfaut, Compt. rend. 29, 51.)
It is doubtful whether panoche-sugar should be regarded as a kind

of cane-sugar. It is found on the surface of the leaves of a Californian

sugar-cane, and appears to be juice exuded in consequence of the

punctures of insects and dried (Johnson, Sill. Ann. J. [2], 22, 6 ; Chem.
Centr. 1856, 764; N. Br. Arch. 93, 54; J. pr. Chem. 70, 245).

^[. Manna from Sinai (the produce of Tamarix manniferd) contains
55 p. c. cane-sugar, 25 inverse sugar and 20 dextrin &c. ; manna from
Kurdistan contains 61 p. c. cane-sugar, 16*5 inverse sugar, and
22-5 dextrin &c. (Berthelot, Compt. rend. 53, 583 ; Rep. Chim. pure,

4,29.) f.
The bark of Pinus sylvestris contains a sugar which is obtained in

the preparation of pinicorretin (p. 33), but is somewhat difficult to

crystallise on account of impurities. This, after drying at 100, con-
tains 39'68 p, c. C., 6'92 H., and 53*40 0. corresponding to the formula
C 131I12 12

. In the preparation of piriipicrin from pine-needles (vid. inf.)

a sugar is obtained, which, when purified by dissolving it in aqueous
alcohol, evaporating the filtrate, washing the crystals with ether-

alcohol, and drying at 100, contains 42 '3 p. c. C., 6'73 H., and 50'98 0.,

corresponding to the formula of cane-sugar (Kawalier, Wien. AJcad.

JBer. 11, 364 and 353). The former sugar should perhaps be classed with inverse

sugar, the latter with cane-sugar. (Kr.)

In healthy cereals, and even in barley-malt, sugar does not exist

ready formed, but is rather produced, in the crushed grain, by the
action of diastase and water (Mitscherlich, N. J. Pharm. 4, 213 ;

Peligot, N. Ann. Chim. Phys. 29, 5 ; Stein, Polyt. Centr. I860, 181).
The sugar thus produced is perhaps maltose. (Kr.).

VOL. XV. B
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Preparation. From the juice of the Sugar-cane, ofSorghum saccharatum,
and of Mangold-wurzel. The juice of the sugar-cane is obtained by
pressure, that of mangold-wurzel by reducing the roots to a fine pulp,
and either pressing this pulp after adding a qiiantity of water equal to

20 per cent, of the weight of the root, or lixiviating it with cold water,
or finally by subjecting it in perforated cylinders to the rotatory action

of the centrifugal machine. The juice of mangold-wurzel is heated to

68 by hot steam, every 1000 quarts are mixed with a quantity of milk

of lime prepared from 12 Ibs. of lime, and the mixture is further heated

to the boiling point, whereby phosphate of lime, albumin, albuminate of

lime and other matters are separated in the form of a dense white

crust. The heating is interrupted as soon as the boiling juice begins
to break through the crust, the clear liquid below is run off, and the

muddy residue is submitted to pressure. The calcareous thin syrup

(Dunnsaft) thus obtained is treated with carbonic acid (from 0*6 to 0'8

p. c. lime however remains dissolved as sugar-lime) ; separated by sub-

sidence and decantation from precipitated carbonate of lime ; filtered

through bone-black, which removes a small quantity of sugar-lime,
and evaporated to 20 22 Bm., either in open pans or in Robert's

vacuum apparatus. The thick syrup (Dicksaft}, again filtered through
bone-black, and evaporated in vacuo at about 22" barometric pressure
till it becomes thick enough to draw out into threads, yields, after

cooling and standing, crystals of cane-sugar, and the mother-liquor,
when further evaporated, yields a second and third crop, till nothing
remains but uncrystallisable molasses. The last very dark-coloured

crop of crystals is moistened with water, and freed from adhering
molasses by means of the centrifugal machine. The mixture of all the

successive crops of crystals thus obtained constitutes the raw sugar of

commerce.

Purification. Refining of cane-sugar. An aqueous solution of cane-

sugar of 12 Bm. is mixed with a small quantity of milk of lime, and
heated to the boiling point, and the juice is decanted from the impurities
which separate in the form of a crust, then filtered through bone-

charcoal, and evaporated in vacuo. The strongly concentrated juice
is made to crystallise by moderating the heat and running in small

quantities of unthickened juice, whereupon a magma of sugar-crystals

immediately forms. To give them the requisite hardness, heat is again

applied, the crystalline magma is left to drain in the sugar-loaf moulds,
and the formation of small uniform crystals is promoted by stirring
and breaking up the crust which forms on the surface. When the

crystallisation is complete, the apex of the mould, which has previously
been closed, is opened to allow the syrup to drain off, and that which
remains adhering to the crystals is displaced by pouring in pure sugar-

syrup. By due desiccation, the loaf-sugar or refined sugar of commerce
is obtained. When purified sugar-syrup is left to evaporate slowly and

quietly in shallow vessels, in which threads are suspended, the sugar
is obtained in larger crystals, called sugar candy.

Formerly, ox blood, milk, or white of egg was used for clarifying syrups. On the

use of larger quantities of lime in the preparation of sugar, see Kuhlmann (Ann. Pharm.
27, 17; Diugl. 116, 61); Rousseau (Inst. 1850, 330; Dingl. 115,457; 116, 297;
118, 221; 125, 378); Maumeng (N. J. Pharm. 30, 354; N. Ann. Chim. Phys.
48, 23 ; Dingl,. 143, 285). On the use of bisulphite of lime in the refining of sugar,

previously recommended by Proust, Dubrunfaut & Stolle, see Lieb. Kopp. Jahresber

1319, 700; Dumas & Melsens (Dingl. 114,375; 115, 212); Melsens (N.Ann. Chim.
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Phys. 27, 273; Ann. Pharm. 72, 101 j Report on its applicability, Dingl. 119, 448.)
On the use of sulphurous acid, see Calvert (DingL 149, 136); of acetate of lead and

sulphurous acid, Scoffern (DingL 110, 261; 118, 217; Chem. Gaz. 1850, 268;
Pharm. J. Trans. 10, 108, and 184; also Lieb. Kopp. Jahresbcr. 1850, 680). Ou
the freeing of syrup from lime by soap, see Basset (DingL 147, 129), also Stahlschmidt

(Dingl. 149, 211) ; by hydrate of alumina, see Howard (Dingl. 19, 384), Mene (DingL
146, 309), Cessner & Kletzinsky (DingL 140, 376); by phosphate of alumina, Daubeny
(J. pr. Chem. 75, 255); by phosphate of ammonia, Kuhlmann (Dingl. 116, 61); by
acid phosphate of lime, carbonate of ammonia, stearic acid or oleic acid, Stammer

(Dinyl. 154, 210} ; by stearic acid and silicic acid, Wagner (Dingl. 153, 377). On the

use of chloride of calcium, see Michaelis (J. pr. Chem. 56, 435).

From Molasses. According to Lepray & Dubrunfaut. A solution of caustic

baryta of 30 Bm. is poured into the molasses, whereupon the whole
solidifies to a crystalline pulp. This is washed, treated with carbonic

acid, and freed from carbonate of baryta by filtering and decantation.
A syrup of 18 22 Bin. is thus obtained, which is freed from the
last traces of baryta by means of gypsum or sulphate of alumina, then
clarified and boiled down as above. (Nickles, DingL 131, 47.)

On the small scale. The best process, according to Marggraf, is to

dry and pulverise the sacchariferous portion of the plant, boil it with
2 pts. of strong alcohol, filter, and leave it to cool. The filtrate set

aside for some time yields crystals of sugar.

From Fruits likewise containing Inverse Sugar. The expressed fruit-juice
is filtered (after addition of an equal quantity of alcohol if necessary
in order to prevent alterations), then saturated with slaked lime and

again filtered. The filtrate heated to the boiling point and again filtered

at that temperature, leaves on the filter insoluble sugar-lime, which
after thorough washing with water, is decomposed by carbonic acid.

The sugar- solution is evaporated to a syrup, decolorised with animal

charcoal, mixed with alcohol till it becomes turbid, and left to crystal-
lise Over quicklime. The insoluble sugar-lime produced at the boiling heat can-

not include more than f of the total quantity of sugar present; hence the treatment
with lime must be repeated. If the decomposition of the sugar-lime with carbonic
acid yields very turbid liquids, they must be precipitated with basic acetate of lead and
the nitrate treated with sulphuretted hydrogen. (Buignet.)

Estimation of Cane-sugar. Saccharimetry. If the solution contains

nothing but cane-sugar, the specific gravity is observed, and the per-
centage of sugar determined therefrom (vid. inf.).

If other substances
which affect the density arc likewise present, the quantity of cane-sugar
may be determined : 1. From the weight of carbonic acid, formed in

the vinous fermentation of the sugar, or from the quantity of alcohol

thereby produced. According to older statements, 100 pts. cane-sr,

yield, after deduction of 5*26 pts. water, 51*44 pts. carbonic acid, and
53*80 absolute alcohol) according to Pasteur's direct determination,
49*12 pts. carbonic acid and 51*01 absolute alcohol, the remaining
portion of the sugar being consumed in the formation of glycerin and
SUCCiniC acid. See below ; also Buignet's description of the process (N. Ann. Chim.
Phys. 61, 239) 2. From the weight of cuprous oxide which the sugar
can reduce from potassio-cupric tartrate, or from the volume of a
{standard solution of that salt decomposed by the sugar. For this

iv-uetion, the cane-sugar must be previously heated with acids to con-
vert it into inverse sugar, which reduces the same quantity of <;:;

oxide as grape-sugar (see Grape-sugar}. 3. From the Itotatori/ J'/ttr, ,

the solution. If the solution contains only cane-sugar, or at least, no
R 2
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other optically active substance, the amount of sugar may be calcu-

lated from the rotatory power in the manner presently to be described

(p. 246). Turbid or gummy solutions are mixed with ^ their volume
of isinglass-solution, then, after agitation, with ll vol. alcohol, where-

upon the mixture, without being heated, coagulates, and yields a filtrate

adapted for observation. Coloured solutions are decolorised by animal

charcoal ;
but as this substance (according to some statements) takes

up sugar, the first fourth of the liquid that runs through is rejected,
and only the remainder used for the observation. If in addition to

cane-sugar, the solution contains grape-sugar (inverse sugar, or any
other optically active substance, whose rotatory power is not altered

by heating with acids), the amount of cane-sugar may be determined

by observing the rotatory power of the solution both before and after

inversion (p. 244), the temperature being likewise observed in the

latter case. The first observation having been made, 100 c. c. of the

solution are mixed with 10 c. c. fuming hydrochloric acid, the mixture

heated to 68, and kept at that temperature for a quarter of an hour.

Since the rotatory power of the solution cooled to the original tem-

perature (supposing the observation to have been made in a tube

longer by one-tenth than the former), remains unaltered in so far as it

was due to the grape-sugar, whereas the cane-sugar has been replaced

by inverse sugar, the amount of cane-sugar may be calculated from
the rotatory power peculiar to this inverse sugar, as follows: The

rotatory power (a) observed before inversion was made up of the

molecular rotatory power (c) of the cane-sugar ((7), and that of the

grape-sugar (g G) ; therefore

a = c C + g G.

The rotatory power (') observed after inversion is, in like manner,
made up of the unaltered rotatory power of the grape-sugar (g G),
and that of the inverse sugar (i C) ; therefore

d i C +g G.

Consequently the difference, a a', of the rotations observed
before and after inversion is equal to c C i C.

a d C(c-i).
or, finally,

Suppose for example a sugar-solution before inversion turns the plane
of polarisation 25*96 to the right, and after inversion, 5*80 to the

right at a temperature of 14
; then a = 25 '9 6 and a = 5 '80. Now

the molecular rotatory power of cane-sugar (c) is 73*8, that of grape-
sugar 56, that of inverse sugar (or more exactly, the rotatory power
of that quantity of inverse sugar which would be produced from the
unit of weight of cane-sugar adopted in determining the molecular

rotatory power of cane-sugar) is 27 at the temperature of 14 : con-

sequently
25-96-5-80 20-16

C =73-8 +27
r C =W8-= '20

'

which quantity therefore gives the number of parts by weight of cane-

sugar contained in a unit of weight of the solution employed, or when
multiplied by 100, the percentage of cane-sugar in the solution.
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Suppose another sugar-solution, before inversion to turn the plane
of polarisation 9 '3 6 to the right, and after inversion 10'80 to the

left (
= 10-80 to the right). In this case, a = 9*36

;
a =

10-80); a a = 9 "3 6 + 10*80= 20-16, which number divided by 100'8

again gives 0*2, or 20 p. c. of cane-sugar in the solution. If, in both

cases, the nature of the second optically active substance present in

addition to the cane-sugar is known, its quantity may be determined

from the observations just described ; if, on the other hand, its quantity
is previously known, its nature may be determined ; thus it might be
inferred that grape-sugar was present in the first case, besides the cane-

sugar, in the original solution, and inverse sugar in the second. This

mode of proceeding', however, is admissible, only when the deflection after

inversion has been observed at a temperature for which the molecular

rotatory power of the inverse sugar (which varies with the temperature,
has been previously determined. According to Biot (Compt. rend. 15, 523,

619, and 694; 17,755) and Clerget. See Clerget's method (N Ann. Chim. Phys.
26, 175 ; Ann. Pharm. 72, 145 ;

abstr. Compt. rend. 23, 259 ; Lieb. Kopp. Jahresber.

1849, 126). This method presupposes the use of Soleil's saccharimeter, and Clerget
denotes by 100 the deflection produced by 1 mm. quartz, or 200 mm. of a normal

sugar-solution containing 16'4/1 grm. cane-sugar in 100 cubic centimetres.

Properties. Large, transparent, colourless crystals, belonging to

the monoclinic system. Fig. 83 without t. Combination of a rhombic

prism u with the acute lateral edges of the oblique basic end-face ,

truncated by m. More complex crystals likewise exhibit a back

oblique end-face/ (Fig. 84) as well as the front oblique end-face/ (not
shown in the figure) between i and m ; also the prism a parallel to

the clinodiagonal, for the most part developed on the left side only.
The crystal-electricity (i, 319) takes the direction of these faces

(according to Hanke), inasmuch as when the temperature is lowered,
the antilogous (negative) pole appears on that side of the crystal on
which the two a faces are developed. Rammelsberg obtained the prisms
perfectly developed from a solution containing chloride of sodium. He
further observed the octahedral faces o (which truncate the edges i : u
and lie in the same zone with m) corresponding to the similarly
situated o '-faces behind. These two faces have hitherto been found

only on the left side. The crystals are generally tabular, from the

extension of m in the direction of right and left: u:u= 101 32'

(Wolff), 101 30' (Rammelsberg) ;
m : i= 103 30' (W.), 103 17' (R.);

?7i:/'
= 134 23' (R.); t:/= 140 40' (R.); m:f=ll5 33' (R.) ;

i:/=141 0' (W.), 141 43' (R.). Cleavage distinct parallel to m.
Twin crystals have the faces m common to both, the oblique summits i

lie reversed, and the left sides of the crystals arc turned towards each
other. The plane of the optic axes is perpendicular to m and i (Miller,

Fogg. 56, 630) ; one optic axis makes, with the perpendicular to m, an

angle of about 1 26' towards the lower side
; "the other lies about 50

above it. (Wolf, J. pr. Chem. 28, 129 ; Rammelsberg, Hajidbuch, Berlfn,

1855, 397 ; comp. also von Kobell, Report. 34, 279 ; Hankel, Fogg. 49,
495 ; Kopp, Einleitung, Braunschweig, 1849, 312 ; Berthelot, N. Ann.
Chim. Phys. 55, 287.)

Molecular rotatory power
*
[a]y= 73*84 to the right (Dubrunfaut,

* We must here add to what has been already said (vii. 64) about circular polarisa-
tion, the explanation of the expressions used in the text, molecular rotatory power,
specific rotatory power ^

or of the symbol [a] used to stand for these expressions. By
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Compt. rend. 42, 901); 71'26, or [a]r = 54-636 (Biot, Compt. rend. 15,
625 and 706). According to Dubrunfaut, Blot's cane-sugar was not

perfectly pure. Comp. also Wilhelmy (Pogg. 81, 527 ,
Lieb. Kopp.

Jahresber. 1850, 176). The rotatory power varies but little with

changes of temperature. (Ventzke.)
Sp. gr. 1-6065 (Fahrenheit), 1'63 (Dubrunfaut.), 1-593 at 3'9

(Joule & Playfair, Chem. Soc. Qu. J. 1, 121) ; sp. gr. of the crystals.

1-58, of the powder, 1-61 (Kopp) ; of sugar-candy, 1-58933 at 13, of

melted barley-sugar, 1-5092 (Biot, Ann. Pharm. 52, 195). Harder than

any other kind of sugar except milk-sugar ; emits light when struck
in the dark.

molecular rotatory power is understood the number of degrees through which a stra-

tum of the pure substance, 100 millimetres thick, would rotate the plane of polarisation,

supposing its sp. gr. were =1. This [a] being known, the rotation a of the plane of

polarisation, caused by a stratum, 100mm. thick, of a solution containing t grammes of
substance in 1 gramme solution is expressed by a= e[a], supposing that the sp. gr. of
the solution is 1. If, however, the sp. gr. = d, we have a = e [a] d. If the thickness

of the stratum is X times 100 mm., a finally becomes = e[a]<SX. If the rotation a has
been found by experiment, the quantity of substance 6 in 1 gramme solution, and hence

the percentage contained in the solution, is given by the equation e = . If, on

the other hand, it is desired to determine the molecular rotatory power [a], we have

the equation [a]
=

^-.

Examples. 1. The specific gravity of a solution of grape-sugar ([a] =
57*6) is

found to be 1*048, and its rotatory power, in a tube 2 decimetres long, 13*7 degrees.
13*7

Hence 1 gramme of the solution contains e = = 0*11347 grms. grape-
57*6 X 2 x 1*048

sxtgar, or the solution contains 11*347 p. c.

2. By dissolving 11*347 grms. grape-sugar in 88*653 grms. water, a solution is

obtained whose sp. gr. is 1*048, and whose rotatory power, in a tube 2 decimetres long,
is 13*7 degrees. Hence the molecular rotatory power of grape-sugar is given by the

equation :

-

-048

If (as is usually the case) the solution is prepared by weighing out a certain quantity of

substance and making up the solution to a known measure, either the specific gravity
must be determined, and hence the percentage amount contained in the solution calcu-

lated ; or else (according to Berthelot) the molecular rotatory power is calculated from
the observed rotation (a), the weight in grammes (jo) of the dissolved substance, the

volume of the solution in cubic centimetres (V) in which p is contained, and the length

(I) of the tube expressed in decimetres, by aid of the formula (deduced from that given

above),

M-'S-
Example. 11*892 grms. grape-sugar is dissolved in water, the solution made up to

100 cubic centimetres, and the rotation is found to be 13' 7 degrees in a tube of 2 deci-

metres. Hence the molecular rotatory power is

The statements in the text relative to the value of [a] apply either to the red ray,
and are then denoted by [a]r, or to the yellow ray (equivalent to the transition-tint

between blue and violet), and are then denoted by [a] or [a]j. Almost all the modern
determinations refer to the transition -tint ; those which refer to the red ray become

comparable with the others, according to Biot, after multiplication by f . (Kr.)
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Cane-sugar, heated above 180, becomes brown and loses weight,
and, if then exposed to the air, absorbs more water than it had

lost, deliquesces, and behaves with alkalis like glucose. (Peligot.)

Browning first takes place when the sugar is continuously heated to

160; no loss of weight occurs, because the water which is set free

converts the still remaining levulosan into Isevo-glucose. (Gelis.)

Cane-sugar, heated for a long time to between 210 and 220, froths

up, becomes continually darker and darker brown, evolves a large

quantity of water containing traces of acetic acid and volatile oil

(furfurol : VolcJcel), and, when the frothing has ceased, is converted
into caramel, with which unaltered sugar and a bitter substance

(assamar) are sometimes mixed. At a higher temperature, or when
the heat is too long continued, further loss of water occurs and a sub-
stance insoluble in water is produced. (Peligot.) At 250 the residue

of the sugar is still for the most part soluble in water, and only a
small quantity of the insoluble substance (Vb'lckel's caramelane) is

formed
; this body is produced more abundantly between 250 and

300, products of further decomposition being formed at the same time.

(Volckel.) As low as 190, three products are successively produced
from cane-sugar; the first of them, caramelane, constitutes the chief

part of the residue when the loss of weight amounts to 10 p. c. ; when
the loss is 14 or 15 p. c., caramelene is obtained ; when it amounts to

20 p. c., scarcely anything but caramelin. (Gelis.) Reichenbach's
assamar is also produced by the roasting of cane-sugar (by heating to

225 : Pohl). See also Mulder (/. pr. Chcm. 16, 245).
On treating with alcohol the residue obtained by heating cane-sugar

or glucose in an oil-bath to 210 or 220, unaltered sugar and bitter

tasting substances, are dissolved, and Peligot's caramel remains behind
as a tasteless, black, shining mass, containing when dried at 180, on
an average, 46*65 p. c. carb., 6'18 hydr., and 47'17 oxyg., correspond-
ing to the formula C24H18 18

,
which requires 47'06 p. c. carb., 5*88 hydr.,

and 47*06 oxyg. It is soluble in water, precipitable by baryta-water
and ammoniacal sugar of lead, not fermentable, and insoluble in

alcohol. (Peligot.) See also Pohl. (Wien. Akad. Ber. 41, 623 ; /. pr. Chem. 82, 148.)
If the caramel is extracted by water from the residue obtained by

heating cane-sugar to 250, caramelane remains as a black substance
insoluble in alcohol, partially soluble in potash-ley, containing 55 '09 p. c.

carb., 5-14 hydr., and 39*77 oxyg., answering to the formula C^IPO13
,

which requires 55*17 p. c. carb., 4*98 hydr., 39*85 oxyg. (Volckel,
Ann. Pharm. 85, 94.) According to Gelis, both these substances are

mixtures : vid. infr.

Reichenbach's Assamar (Comp. Volckel's Assamar, p. 50). The bitter

substance produced by roasting sugar. It is formed by the roasting
of gum, starch, glutin, gelatin, albumin, and flesh, and in the roasting,

baking
1

,
or frying of eatables containing these substances. Reichen-

bach heats either of these substances, unsalted wheat-bread answers

best, on a hot hearth- plate, until it becomes brown ; breaks it up
while still warm

; allows the powder to cool out of contact with air ;

and exhausts it with absolute alcohol. He separates the alcohol by
distillation; heats the residue moistened with water to 100; allows it

to cool very slowly ; removes the fat which has separated out ; neutra-
lises with milk of lime ; heats to boiling, and adds, by small portions at

a time, 20 or 30 measures absolute alcohol, or so much that the precipitate
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which is at first produced docs not re-dissolve, even on boiling". After

removing the alcohol from the cooled clear solution by distillation, the

ret- id tie is repeatedly dissolved in hot alcohol as often as anything- is

deposited from the solution on cooling; ether is added to the clear

solution in small quantities, as long as the precipitate produced has
a sweet taste ;

and the assamar, which remains dissolved through all

these operations, is obtained by evaporating the ether and alcohol, and

finally drying in small quantities. Solid, transparent, amber-yellow,

amorphous gum, brittle and having a conchoidal fracture. Neutral.

It is decomposed when heated alone or with water, loses its bitterness,
and is transformed into the substance which is separated by alcohol

in the preparation of assamar. Assamar is decomposed by chlorine,

when heated, losing its colour ; by hot nitric acid, without formation of

mucic or of oxalic acid ; by oil of vitriol with blackening, riot by dilute

sulphuric acid. Not altered by cold potash-ley ; when boiled therewith
it loses its bitterness, which acids do not restore. It reduces nitrate

of silver, throws down a blue-black precipitate horn chloride of gold, and

cuprous oxide from acetate, not from sulphate of copper. Not ferment-
able. Assamar is hygroscopic, deliquescent, soluble in water in all

proportions, and not precipitable by acids, alkalis, alkaline-earths, borax,
tincture of galls, or isinglass. It dissolves slowly and sparingly in cold,

abundantly in boiling absolute alcohol, and is partially precipitated by
ether. (Reichenbach, Ann. Pharm. 49, 1.) Pohl(Wien. AJcad.Ber. 41,

623), having found that a purely bitter alcoholic extract of cane-sugar
heated to 228, acquired a sweet taste when dissolved in water and so

preserved for some years, supposes assamar to be capable of regene-
rating glucose.

2. Cane-sugar subjected to dry distillation, froths up strongly at

about 250 or 300, after having been previously transformed into

caramel, and yields at first a slightly sour, yellow-distillate ; then a
darker coloured, turbid distillate ; and, at last, one which is viscid and

strongly acid. When it is slowly heated, gases first make their

appearance towards the end of the distillation, amounting to 12 or

18 p. c. of the sugar, while a vesicular, carbonaceous residue amounting
to 32 or 34 p. C. remains. Comp. also Cruikshank (Scher. J. 1, 637); Vauque-
lin (Bull. Pharm. 3, 49}. The gas which escapes at first is nearly pure
carbonic acid; afterwards carbonic oxide and marsh-gas are mixed
with it. (Volckel, Ann. Pharm. 86, 63). The aqueous distillate

(Volckel's sugar-vinegar) becomes clear on standing from the separation
of a viscid oil. This yields, by fractional distillation, a very volatile,

yellowish liquid, which contains aldehyde (Ann. Pharm. 87, 303),
acetone, and acetic acid, and is followed if the distillation is continued,

by a mixture of acid water and yellow oil, while a red-brown liquid

(Volckel's sugar-tar) remains. The yellow oil, distilled with water
after addition of potash-ley, dried, and then rectified alone, yields,
between 100 and 150, a distillate which has a density of 1-005 at 15
and amounts to TV of the whole quantity; this product is neutral,

precipitates silver from ammoniacal nitrate of silver, and turns brown
and is destroyed by contact with potash-ley. The remainder, which
distils between 160 and 180, contains chiefly furfurol (x, 371) (of
various kinds, according to Volckel), together with a small quantity of

an oil which is unalterable by potash, and traces of oil of bitter

almonds, recognisable by the smell. Furfurol can still be extracted
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by ether from the sugar-vinegar freed from oil as far as possible by
distillation ; the sugar-vinegar leaves a residue of tar, produced by
the decomposition of assamar-acetic acid, every time it is distilled,

while a certain quantity of this substance and common acetic acid

pass over. The sugar-tar contains products of decomposition, partly
of the volatile oils, partly of assamar. If three-quarters of the
crude sugar-vinegar are distilled off, the decomposition-products of

the volatile oils removed by filtration, and the filtrate distilled, a large

quantity of acid sugar-vinegar passes over below 120, while a red-

brown sugar-tar remains, which becomes viscid on cooling, has a

strong, bitter, and sour taste, and amounts to 6 p. c. of the sugar-
vinegar. Addition of water throws down a red-brown product of

decomposition of assamar, whereof more is obtained by concentrating
the filtrate and precipitating with water, while a bitter substance,
Volckel's assamar, remains dissolved in the supernatant red-brown

liquid.

Volckel's Assamar. The red-brown liquid obtained from sugar-tar

is exactly neutralised with carbonate of soda, and evaporated on the

water-bath to a syrup, whence assamar and other substances are

extracted by boiling with absolute alcohol; and the cooled extract is pre-

cipitated by several volumes of ether, whereby acetate of soda and red-

brown substances are precipitated. The ether-alcoholic solution, when
distilled in the water-bath, leaves assamar behind as a brown syrup,
which is purified by solution in ether, evaporation of the filtrate, solu-

tion in water, removal by filtration of the insoluble portion, and

evaporation in vacuo. It is thus obtained as a yellowish-red trans-

parent, viscid, neutral syrup, which does not solidify in vacuo, and
contains on the average 54-70 p. c. carb., 5-40 hydr., and 39-90 oxyg.

(Hence Volckel calculates the formula C^EPO11
,
but one of the follow-

ing formula appears more probable, 5C24H13 13 + HO or C36H20 20
,
the

first of which requires the same percentage composition as Volckel's

formula, and the second 54*54 p. c. carb., 5*05 hydr., and 4O41 oxyg-.

[Kr.]) According to Volckel, the substance is the same as Reichen-

bach's assamar before the latter has been altered and rendered solid by
Reichenbach'smethod of preparation. Assamarbecomesmore fluidwhen
heated. It does not solidify even at 120 or 140, so that its fluidity
cannot be due to adhering water. Above 200 it is decomposed, with

formation, of a solid substance. By boiling with dilute hydrochloric

add, it is changed into a brown substance which is insoluble in

water, and contains on an average 65-18 p. c. carb., 4-55 hydr., and

30' 7 7 oxyg., corresponding therefore in composition to Mulder's
ulmin from sugar and perhaps having the formula C24II9 9

; traces of

formic acid are produced at the same time as this substance. By treat-

ment with potash-ley it is further split up into a soluble and an inso-

luble portion, each of which contains oxyg*en and hydrogen in the

same proportion as water. Assamar yields the same products by
boiling* with potash-ley as with acids. The red-brown alkaline solution,

precipitated by hydrochloric acid after several hours' boiling, yields
brown flocks, which, if covered with potash-ley, after being washed,
partly dissolve arid partly swell up to insoluble potash-compounds :

freed from potash by hydrochloric acid, they contain 61 '36 p. c. carb.,

4*60 hydr., and 34*04 oxyg., corresponding to the formula C 12H5 5

(calculation 61-53 p. c. carb., 4'27 hydr., and 34-20 oxyg.) Assamar
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colours aqueous bichromate of potash brown when boiled, and reduces

ammoniacal nitrate of silver with the aid of heat. It is hygroscopic,
dissolves easily in water, and is precipitated from the solution by
animal charcoal. It dissolves hydrate of lime, precipitates ammoniacal

wqar of lead, and is easily soluble in alcohol and ether. (Volckel, Ann.
Pharm. 85, 74).

3. When oxygen or air, especially ozonised air, is passed over dry
or aqueous cane-sugar, carbonic acid and water are formed at the

common temperature, the rest of the sugar remaining unchanged.
A piece of cane-sugar (weighing 1 drachm) left in contact with

oxygen confined by mercury for three months, produced 5 cc. car-

bonic acid in 95 cc. oxygen. (Karsten, Berl. Akad. Ber. Jan. 1860 ;

abstr. J. pr. Chem. 79, 226.) Aqueous solution of cane-sugar is not

altered by ozone. (Gorup-Besanez, Ann. Pharm. 110, 103). If cane-

sugar mixed with a little hydrate of lime is covered with a stratum of

ozonised oil of turpentine and left for seven months, oxalic acid is

formed, while the rest of the sugar remains unchanged. (Berthclot,
N. Ann. Chim. Phys. 58, 426).

When oxygen is passed over a mixture of cane-sugar and spongy
platinum, formation of carbonic acid and water commences at 140

150, and at 250 the sugar is completely decomposed. (Reiset &
Millon, N. Chim. Phys. 8, 285 ;

J. pr. Chem. 29, 365). Cane-sugar
mixed with spongy platinum is riot affected by oxygen at the common
temperature, but becomes heated on addition of potash, and is oxidised

to carbonic acid and water. (Dobereiner, J. pr. Chem. 29, 452).

4* Cane-sugar swells up in the open fire, produces an aromatic,

choking smell of caramel, and burns with a white flame. In the

combustion of large quantities of sugar, a powerful smell is produced
allied to acrolein, which attacks the eyes and causes them to inflame.

(Redtenbacher, Ann. Pharm. 47, 148).

5. Cane-sugar takes fire when triturated with 8 pts. peroxide of
lead. (Bottg'ev). Its aqueous solution yields formic and carbonic acids

by boiling with peroxide of lead, but not so easily as glucose. (Stii-

renberg, Ann. Pharm. 29, 291.) By distillation with peroxide of man-

ganese and sulphuric acid, it yields formic acid and a strong-smelling

yellow oil, heavier than water, which may be obtained pure by neu-

tralising the distillate with a base, distilling off the volatile part, and

rectifying over chloride of calcium ; it is then found to be soluble in

water. (Dobereiner, Schw. 63, 368). Comp. also Gmelin (Pogg. 16, 55).
Peroxide of manganese does not act upon sugar without the addition

of sulphuric acid. (Stiirenberg.) Formic acid is obtained by distil-

ling it with bichromate of potash and moderately dilute sulphuric acid.

(W. & R. Rogers ; Hunefeld, J. pr. Chem. 7, 44.) When solution of

cane-sugar is mixed with hot concentrated aqueous bichromate of

potash and the mixture heated to boiling', a violent re-action sets in,

which continues, even after removal of the lamp, until the solution has

become green. If or a larger quantity of starch-syrup is mixed
with it, no re-actiori or change of colour occurs. (Reich, J. pr. Chem.

43, 72).
Dilute solution of cane-sugar precipitate's peroxide of manganese

from aqueous permanganate of potash, without evolution of gas, and
i'orms oxalate of potash, which is converted by excess of perman-
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ganate into carbonate of potash (Liebig & Pelouze, Ann. Pharm.

19, 279 ; Gregory & Dcmai^ay). If the solution contains only 0'5

1 p. c. sugar it remains unchanged (Monier, Compt. rend. 46, 577).
If 3 pts. dry chloride of lime are added to a mixture of 2 pts. cane-

sugar and 1 pt. hydrate of lime, and then enough water to form a stiff

mud, the mass becomes heated after some time, swells up, evolves

chlorine, and on addition of more water, forms a bulky jelly, which, in

addition to substances not yet determined, contains lime-compounds of

hypochlorous, carbonic, chloracetic and pectic (? Kr.) acids. When
twice as much chloride of lime is used, the re-action is less violent and
malic acid is produced. (Schoonbrodt, Bull. Soc. Chim. Paris, 1861,77.)
Schoonbrodt gives the following equations : a, for the formation of pectic (or parapectie)

acid, 2C' 2H 11O 11 + 3(CaO,ClO) = C24H 15O21,2HO + SCaCl + 5HO ; b, for the

formation of malic acid, C^H^O 11 + 3(CaO,ClO) = 3(C
4H2O4,HO) + 2HO +

6. Cane-sugar distilled with sulphur evolves sulphuretted hydrogen,
combustible gases, and allows a metacetone-like liquid to distil.

(Illasiwetz, Wien. ATcad. Ber. 5, 184.) Similar products are obtained

with sulphide of potassium or of calcium.

7. Iodine is decolorised by ebullition with solution of cane-sugar and
transformed into hydriodic acid. (Lassaigne, J. Chim. med. 9, 654.)
When equal numbers of atoms of bicarbonate of potash and of

iodine are added one after another to aqueous cane-sugar, iodoform is

produced on warming. (Millon, Compt. rend. 21, 828 ; J. pr. Chem.

37, 53.) Cane-sugar is decomposed exactly into carbonic acid and
water when heated with aqueous iodic acid to 100 for 24 hours. The

presence of prussic acid, but not that of yellow or red prussiate of

potash, prevents this decomposition. (Millon, Compt. rend. 19,271;
N. Ann. Chim. Phys. 13, 37.)

7 a. Bromine acts on cane-sugar in the same way as chlorine

(Rouchas, J. Pharm. 17, 116) ; it exerts no particular action. (Balard,
Ann. Phys. 32, 346.) Cane-sugar heated with bromine and water to 100
in a sealed tube, till all the bromine has disappeared, yields hydrobromic
acid, a brown liquid and humus-like products. (Barth & Hlasiwetz.)

8. Dry chlorine gas does not act on cane-sugar, even at 100; but in

damp chlorine, sugar acquires a smell of hydrochloric ether without

altering its form. (Liebig.) Powdered sugar absorbs chlorine slowly,
and is changed, with simultaneous formation of carbonic acid, into a

brown, strong-smelling mass, which deliquesces in the air with
formation of hydrochloric acid. (Priestley, Bouillon, Vogel.) The
brown mass into which chlorine slowly converts sugar in the cold,

more quickly at 100, is partially soluble in water. (Maumene, Compt.
rend. 30, 314.) By the action of chlorine on an aqueous solution of

sugar for eight hours, -J-^th part, at most, is decomposed, with forma-
tion of carbonic acid (Liebig, Pogg. 15, 570). Aqueous chlorine con-

verts sugar into malic and hydrochloric acids (Chenevix), into the same
acid -as that which is likewise produced from gum (p. 199) (Simonin,
Ann. Chim. Phys. 50, 322). Solution of cane-sugar saturated with

chlorine, arid heated with potash after 24 hours, is coloured yellow and
red. (Rouchas, J. Pharm. 17, 116.) With hypochlorous acid, sugar
forms hydrochloric acid, a small quantity of carbonic acid, and an acid

liquid. (Balard.) Cane-sugar, -mixed with its own weight of chloride
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of lime, becomes heated arid explodes after a few minutes with vivid

deflagration. If 1 oz. chloride of lime is mixed with 8 oz. water, and
1 oz. sugar is added to the filtrate, the liquid becomes hot, and, after a
few minutes, carbonic acid is evolved, the bleaching power disappears,
and the acid liquid deposits a little oxalate of lime. (Hunoult-
Desfontenelles, J. Chim. med. 18, 23.) No chloroform is thus produced.
(Chautard, N. J. Pharm. 27, 180.) Chloride of lime converts sugar in

an alkaline solution into pectic and lactic acids. (Schoonbrodt, Compt.
rend. 52, 1071.) Concentrated solution of cane-sugar becomes heated
when mixed with 1 pt. chloride of lime and 3 pts. water, and yields
formic acid if the chloride of lime was neutral ; carbonic acid and
water, if it contained excess of hydrate of lime. (Bastick, N. J. Pharm.

14, 20.) See page 252.

9. Cane-sugar does not absorb gaseous fluoride of boron until it is

heated, and it then becomes black. (Berthelot, N. Ann. Chim. Pkys.
38, 58.)

10. The solution of cane-sugar in ivater partially loses it dextro-

rotatory power at the common temperature by standing ; at last, it

loses it entirely, and acquires a rotatory power towards the left, the

cane-sugar being converted into inverse sugar. (Maumene.) Accord-

ing to Hochstetter, this change does not occur if air is excluded, but
more quickly in proportion as the air has freer access

; according to

Bechamp, it is only a consequence of the formation of mould, and is

therefore prevented by the presence of creosote. Aqueous solution of

sugar may be kept for weeks without alteration if protected from the

air, but if exposed to the air, it contains, after 3 days' traces of inverse

sugar which afterwards increase. When the air has easy excess, as
when the sugar-solution flows over broken glass, scarcely anything
but non-crystallisable sugar remains after so short a time as 36 hours

(Hochstetter, J. pr. Chem. 29. 21). An aqueous solution of sugar-
candy containing 16'35 grms. sugar in 100 cc. possesses, after stand-

ing for 10 months at the common temperature, only 22 p. c. of its

original rotatory power ; after a year, it has a laevo-rotatory power
equal to 38 p. c. of its original dextro-rotatory power. A similar solution

prepared with loaf-sugar is somewhat more stable, because it contains
a small quantity of lime. (Maumene, Compt. rend. 39, 914).

Cane-sugar is converted by very long boiling with ivater into
dextro- and Isevo-glucose. (Pelouze &Malaguti, 1836, Ann. Chim. Phijs.

59, 416). According to Malaguti, lasvo-giucose (fruit-sugar) is thus

produced at first, and afterwards changed into dextro-glucose ; accord-

ing to Bouchardat, dextro-glucose is never formed, but, after 60 hours'

boiling, a non-crystallisable syrup, which can then, especially at 110,
pass into a peculiar bitter-sweet gum-sugar. According to Dubrunfaut's

experiments (Vid. infr., p. 254. Decompositions by acids.), the formation of
dextro- and loevo-glucose unquestionably occurs simultaneously, as is

also admitted by Maumene and Bechamp. This transformation of

cane-sugar takes place at 90 100 (Thenard), if air is excluded, without
the formation of acid or of colouring matter (Soubeiran), but the passage
of air through the boiling solution of sugar causes rapid decomposition.
(Hochstetter.) Solution of sugar of 25 B. boiled for 1 or 2 hours, the

evaporated water being replaced, contained traces of transformed
sugar, perhaps arising from previous formation of formic acid. The
transformation once begun proceeds rapidly, an acid being formed
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which does not redden litmus, though it neutralises alkalis. (Hocli*

stetter, J.pr. Chem. 29, 21.) Solution of sugar-candy lost from 3^ to

4 p. c. of its rotatory power when heated for 3 hours in the water-bath.

(Maumene, Compt. rend. 39, 914). If solution of sugar is boiled, the

water which evaporates being replaced, its dextro-rotatory power
becomes weaker and weaker, and is at last quite lost. At this point,
and until the subsequent Isevo-rotatory power has not arrived at its

maximum, the liquid still contains unaltered cane-sugar, for addition of

acids still increases the Isevo-rotation. When the transformation is

complete, for which 114 hours' boiling is necessary, longer boiling
causes the formation of formic and acetic acids and (even in a stream
of carbonic acid) a dark coloration ; at last the liquid becomes opaque,
and the Isevo-rotation diminishes again, from the partial destruction of

the leevo-glucose, so that it has finally a feeble dextro-rotatory power.
The Isevo-rotatory liquid deposits crystals of dextro-giucose when
allowed to stand, while a syrup of stronger leevo-rotatory power
remains. (Soubeiran, N. J. Pharm. 1, 1

; and 96, 16 and 262.)

11. When left to itself, or when warmed with dilute acids, solution

of cane-sugar loses its dextro-rotatory power and acquires a Isevo-

rotatory power, which, when the transformation (Inversion) is complete,
amounts to 38 to the left at 14 for every 100 of the original rota-

tion to the right (Biot). This alteration depends on the assimilation

by the cane-sugar of 5 p. c. water, whereby it splits up into Isevo-

and dextro-giucose : C24H22 22 + 2110 = C 12H 12 12 + C 12II13 12
(Dubrun-

faut). (Water taken up : calculated, 5*26 p. c.).

There is produced in the transformation of cane-sugar by dilute

acids, grape-sugar (Kirchhoff, Scher. N" BL 1, 142), granular sugar (Gui-
bourt, Ann. Chim. Phys. 16, 376 ; Boullay, J. Pharm. 16, 172), gum-sugar
(Bouillon-Lagrange). A sugar differing from dextro-giucose is pro-
duced which rotates the plane of polarisation to the left (Biot), and

afterwards, in consequence of a molecular change, deposits dextro-

giucose (Biot, Soubeiran). Cane-sugar heated with acids forms
first Isevo-glucose, then, if the heat is continued, dextro-giucose
(Bouchardat) ; but since boiling with acids does riot alter the rotatory

power of inverse sugar until coloration takes place, the crystals of

dextro-giucose which are deposited after some months, may be pro-
duced, not by the action of the acid, but by the molecular transforma-
tion which takes place in the course of time (Soubeiran). Subsequently,
also, Soubeiran regarded inverse sugar as a particular variety, but

capable of being decomposed into dextro- and lasvo-glucose.
All acids effect the complete conversion of cane-sugar, but strong

acids more quickly than the same quantity of weaker acids, and the
same acid acts more rapidly the higher the temperature. The change
is complete with TV~ IT measure hydrochloric acid at the temperature
of the air in a few hours, the rotatory power then possessed by the

liquid remaining constant for two days, or until coloration sets in. With
sulphuric acid the transformation takes place slowly at the common
temperature, but at 60 or 70 instantaneously and without coloration

of the liquid. A solution of cane-sugar containing 66 p. c. racemic

acid, is only partially changed after sixteen days, completely after a

year ; measure glacial acetic acid does not occasion the transforma-
tion within two months, but completely within a year (Biot, Compt.
rend. 15

? 528; N. J. Pharm. 4, 351). Small quantities of organic
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acids do not sensibly increase the decomposing
1 action of water at

common temperatures (p. 253). A 30 p. c. solution of cane-sugar
mixed with -^ of its weight of tartaric acid was not completely con-

verted into inverse sugar after 5 years. (Maumene, Compt. rend. 39,

917). The cane-sugar of lemon-juice (containing 6-J- p. c. acid) is only

very slightly changed after 12 days, not more so than when the i'ree

acid is neutralised. The acid juice of the apricot may likewise l>e

concentrated on the water-bath to half its bulk without the inversion

of much of its cane-sugar (Buignet). If solutions of cane-sugar are

heated with solutions of equivalent quantities of different acids, sul-

phuric acid causes its inversion more quickly than tartaric acid, and
lartaric acid more quickly than citric or than acetic acid. A larger

quantity of the same acid is required if the sugar-solution is dilute

than if it is concentrated (Buignet). See also Persoz (Compt. rend.

17, 1066), Biot, N. J. Pharm. 4, 351), Bouchardat (J. Pharm. 21, 627;
J. pr. Chem. 7, 73 ;

Ann. Pharm. 17, 276), Dobereiner (Ann. Pharm.

2, 338) ; Mitscherlich (N. Ann. Chim. Phys. 7, 28), Pluquet (Bull, Pharm.

3, 380).
When the transformation of cane-sugar by dilute acids has taken

place, further boiling causes coloration of the liquid, formation of uhnin

arid ulmic acid, and, if air has access, also of formic acid, while the

remainder of the sugar is contained in the solution in a more easily
fermentable condition (Malaguti). According to Mulder, glucic acid

is first formed, from this apoglucic acid, by contact with air, and ulmin

and ulmic acid, mixed, if air has access, with humin and humic acid,

are obtained. The acid which is added remains thereby unaltered and
can be regained in the quantity that was used (Malaguti).

The decomposition takes place with all acids, but various quantities
are required to bring it about in the same length of time. The solu-

tion of 100 pts. sugar in 300 pts. water begins to deposit a precipitate
after 35 hours' boiling, if mixed with 0*372 pt. anhydrous sulphuric
acid

;
after 14 hours with 2 -4 pts ; after 9 hours with 6 pts ; after

2 hours with 14*7 pts. Nitric and hydrochloric acids act in the

same way; for every 1 pt. of these acids, 10 pts. oxalic, racemic, tar-

taric, citric, or saccharic acid and 16 pts. phosphoric, arsenic, phos-

phorous, or arsenious acid, are required. (Malaguti, Ann. Chim. Phi/s.

59, 407; J. Pharm. 21, 443; Ann Pharm. 17, 52; J. pr. Chem. 7, 185.)
On heating 50 pts. water, 1 to 5 pts. oil of vitriol, and 10 to 2!) pts.

cane-sugar for a few minutes in a water-bath, a deposit of ulmic acid

is formed (Bouchardat). Transformed cane-sugar, heated with ^ pt.

oil of vitriol, yields, after a few minutes' boiling, a brown liquid, which
leaves bitter-sweet molasses by evaporation, cannot be decolorised by
animal charcoal, and is uncrystallisable (Bouchardat). Solution of

cane-sugar does not lose the rotatory power peculiar to inverse sugar
until boiled for 15 or 20 hours with dilute sulphuric acid, and tlieti

deposits much less ulmin in the first few days than later. If it be boiled

with a small quantity of acid until a deposit forms, and this be filtered

off, a large quantity of ulmic acid separates in the cold after a long*

time, but no ulmin
; the latter body must therefore be formed from

the ulmic acid by boiling. By 84 hours' boiling of 40 grans, sugar-

candy with 120 grms. water and 2 grins, anhydrous sulphuric acid,

13 grms. ulmin and ulmic acid, and, in contact with air, 4-47 grms.
formic acid can be obtained, while all the rest of the sugar remains
in solution in a more easily fermentable condition (Malaguti). If
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solution of cane-sugar is heated with dilute sulphuric acid, but not to

boiling, ulmin and ulrnic acids are obtained, mixed, if the solution is

boiled, with humin and humic acid. These humous substances are formed
more quickly if air has free access ; concentration of the acid promotes
their formation less than long boiling ; but on an average, not more
than ^ of the sugar can be converted into them, the rest remaining in

solution as glucic acid (xiii. 237), and if air has access, also as apoglucic
acid (xiii. 365). If the action of the acid is not complete, uncrystal-
lisable sugar remains behind, and is converted by dilute, not by concen-
trated acid, into humin. The humous substances are not produced at

the boiling point in vacuo : if very concentrated acid is used, a black

substance is obtained having the composition of humin, but differing
from it. By the use of more dilute acid, nothing but glucic acid is

obtained. At the higher temperature at which the mixture boils in

air free from oxygen, formic and ulmic acids are produced, but neither

humin nor humic acid (Mulder, J. pr. Chem. 21, 207).
If cane-sugar is heated, not to boiling, with hydrochloric acid, the

red-brown liquid deposits a few brown flocks. If it is heated to boil-

ing after these have been filtered off, a more abundant black pre-

cipitate is obtained, whicli is slightly soluble in boiling water, more so

in water containing hydrochloric acid, partially soluble in aqueous
potash and ammonia. The brown flocks contain 62*54 p. c. C. and
4'75 H. ; the black precipitate at 140, on an average, 64*12 p. c. C.

and 4-71 H., corresponding to the formula C^HX)9

(calculation 64'0

p. c. C., 4-0 H.). The latter body is also obtained by boiling sugar
with concentrated hydrochloric acid (Stein, Ann. Pharm. 30, 84).

12. By neutral salts. Aqueous solutions of cane-sugar mixed with

sulphate of zinc, nitrate of lead, mono-phosphate or arseniate of potash,
or with a large quantity of corrosive sublimate, lose their dextro-rotatory

power partially or entirely by standing at the temperature of the air,

and occasionally acquire a rotation towards the left, without the

formation of mould taking place. Corrosive sublimate causes this

transformation even in presence of creosote. On the other hand a solu-

tion of cane-sugar containing ^ of its weight of fused chloride of zinc

(or of chloride of calcium) hardly decreases in rotatory power by stand-

ing for 9 months, or when heated for an hour to 50. The presence of

a small quantity of corrosive sublimate, nitrate of zinc, neutral or acid

sulphate of potash, prevents the formation of mould in solutions of

cane-sugar, and consequently also the decomposition. Most other

salts, and likewise nitric and arsenic acids, do not prevent the formation

of mould, and in many cases the decomposition of solution of cane-

sugar goes on more rapidly in their presence than without them. If

solutions of cane-sugar are mixed with neutral and acid sulphate of

soda and one drop of creosote, no formation of mould or decomposition
takes place by standing, but creosote has not power to arrest the

formation of mould when it has once begun. In the case of some

salts, a summer temperature seems to be required for the decomposition ;

nitrogenous mould and organic acids result from the decomposition

itself, but the latter are not formed in such quantity that the

diminished rotatory power of the solution can be explained by the

diminution of the quantity of sugar. (Bechamp, N. Ann. Chim. Phys.

54, 28.)

Sugar-solutions which contain alkaline carbonates, sulphates, or
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chlorides, behave like pure solutions of sugar, when long
1

kept or

boiled, but the crystallisation of the sugar is impeded. A solution

containing 2 pts. chloride of sodium or chloride or calcium to 100 pts.

cane-sugar cannot be made to crystallise except when the salts have
been removed by animal charcoal. Alkaline nitrates and sulphates

partly crystallise out from the solution of sugar when they are present
in large quantities, but part forms a slimy mass with the sugar
(Hochstetter, J. pr. Chem. 29, 26).

Dry cane-sugar is not altered by being heated in a sealed tube to

100 for several hours with chloride of sodium, chloride of strontium, or

chloride of barium ; but addition of a small quantity of water occasions

the formation of inverse sugar more abundantly than it would be
formed in presence of water alone. The same transformation takes

place quickly, the mass being blackened, with sal-ammoniac and a small

quantity of water, but not with chloride of potassium, chloride of

sodium, or flour-spar. (Berthelot, N. Ann Chim. Phys. 38, 57.)

13. Cane-sugar distilled with phosphoric acid (likewise with

sulphuric acid or protochloride of tin) yields formic acid and a volatile

oil (furfurol?) (Emmet J. pr. Chem. 12, 120). Anhydrous phosphoric
acid does not attack cane-sugar until heat is applied ; it then blackens

it, with evolution of formic acid arid formation of humus-like bodies.

(Ilaudtke, Pharm. Zeitschr. 1850, 37 ; Lieb. Kopp. Jahresber. 1850,

534.)

14. Cane-sugar covered with cold oil of vitriol becomes brown
without evolving sulphurous acid ; the mixture is completely soluble

in water without separation of carbon, and, after neutralisation of

the sulphuric acid with chalk, nitration, arid evaporation to dryness,

yields a dark brown residue containing sulphur. (Braconnot, Ann.
Chim. Phys. 12, 189.) Oil of vitriol produces with cane-sugar the same
black acid as that formed from racemic acid by alkalis and also saccharo-

sulphuric acid, or a similar compound. (Peligot.) If the process is

arrested at the right moment, humous substance is also formed. (Boul-

lay.) The filtrate obtained by mixing cane-sugar with oil of vitriol,

dilution, and neutralisation with baryta, contains acetate and formiate

of baryta. (Herzog, N. Br. Arch. 50, 299.) If a porcelain plate is

moistened with a solution of sugav in 30 pts. water, and heated by
steam to 100 ; very dilute sulphuric acid dropped upon it causes a
black mark, or, if the acid is very dilute indeed, a green mark.

(Rlinge, Pogg. 31, 517.) Runge employs this re-action for the detection of free

sulphuric acid and of sugar.

When cane-sugar is heated with oil of vitriol, sulphurous acid is

Eroduced.
10 grms. cane-sugar warmed with 40 grms. oil of vitriol

:oths up, blackens and yields 1 litre of gas, containing carbonic acid

and carbonic oxide in equal volumes, and a solid residue. (Filhol,
N. J. Pharm. 8, 100 ; J. pr. Chem. 36, 60.)

15. Concentrated hydrochloric acid acts violently on cane-sugar
and chars it. (Boullay, J. Pharm. 16, 172.) Powdered sugar slowly
absorbs hydrochloric acid gas, and is converted into a brown strongly
smelling compound from which oil of vitriol evolves hydrochloric acid

gas. (Bouillon- Lagrange.)

16. Cane-sugar mixed with chlorate ofpotash explodes when struck

VOL. XV. S
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with a hammer, and deflagrates when a drop of oil of vitriol is let fall

upon it. (Bouillon- Lag-range & Yogel.) A mixture of 1 pt. cane-

sugar, 1 pt. prussiate of potash, and 2 pts. chlorate of potash
(Augendre, Pliarm. Centr. 1850, 215), or better of 23 pts. cane-sugar,
28 pts. prussiate of potash, and 49 pts. chlorate of potash, constitutes

white gunpowder, which explodes by a spark, and may be used instead
of common gunpowder for fire arms and blasting. (Pohl, Wien. Akad.
Ber. 41, 634 ; Chem. Centr. 1861, 289.)

17. Fuming nitric acid converts cane-sugar into nitro-saccharose.

(Sobrero, Compt. rend. 24, 247.) From its solution in fuming nitric acid

it is precipitated as a nitro-compound by oil of vitriol, but not by
water. (Domonte & Menard, Compt. rend. 24, 390.) Hence also Braconnot

obtained no xyloi'din. Immersed in nitro-sulphuric acid, it is converted
into nitro-saccharose, which soon separates as a tough mass, while
the acid solution, which is not precipitable by water, retains a bitter

taste. (Schonbein, Pogg. 70, 104.) On adding to nitric acid (pre-

pared from 3 vol. oil of vitriol and 2 vol. nitric acid of sp. gr. 1*5,

jl-
of its weight or more of powdered sugar, without cooling, and

leaving the mixture to itself, it took fire. (Reinsch, Jahrb. pr. Pliarm.

18, 102.)

Cane-sugar heated with nitric acid of sp. gr. 1*3, or with still more
dilute acid, is decomposed, with evolution of nitrogen, nitric oxide,
nitrous acid, prussic acid, carbonic and acetic acids, and formation of

saccharic and oxalic acids. According to Erdmann's experiments, tar-

taric acid is also formed, and according to Siewert, also cassonic acid

(see p. 259). When 8 pts. nitric acid are poured upon 1 pt. cane-sugar
at 3f ,

the liquid around the sugar becomes red in a few minutes, at

15 it becomes pale yellow, and at 44 the sugar deliquesces to a

yellow layer under the clear colourless acid. At 56 the liquid
becomes yellow and evolves nitrous acid ; it darkens as the heat is

increased, until, at 87'5, it is opaque, and then, with evolution of

nitrous acid, again becomes colourless. The temperature of a mix-

ture heated to this point rises spontaneously to 112'5. (Schlesinger,

Eepert, 74, 24.)

By the action of 3 pts. nitric acid of sp. gr. 1*25 to 1'3, at a

temperature not exceeding 50, scarcely a trace of oxalic acid, but a

large quantity of saccharic acid is produced. Cane-sugar heated with

3J pts. nitric acid, until gas begins to be given off, then cooled to 60

and kept at this temperature, yields nearly 11 p. c. of its weight of

neutral saccharate of potash. (Heintz, Ann. Pliarm. 51, 185. Berl.

Akad. Ber. 1858, 413 ; J. pr. Chem. 74, 474.) Formerly (Ann. P/iarm.2l, 1.)

Erdmann stated that he had obtained tartaric acid, but afterwards
(.7. pr. Chem. 15, 480)

withdrew the statement. Since, however, Liebig (Ann. Pharm 113, 1), has obtained

tartaric acid from mannite, and Heintz (Berl. Akad. Ber. I860, 283) has obtained it

from saccharic acid, the statement appears nevertheless to be correct. See also milk-

sugar p. 220, and saccharic acid, xi. 516 Oxalic acid is formed especially
when sugar is heated for a long time with excess of nitric acid. If

cane-sugar is boiled with increasing quantities of nitric acid of sp. gr.
1*38 and each portion is evaporated to the same bulk, a colourless

syrup, which becomes coloured on heating, is obtained with 2 pts nitric

acid ; the same mixed with crystals of oxalic acid is obtained with
4 pts. acid; with 10 or 12 pts. acid, nothing but crystals of oxalic acid,

amounting to 58 or 60 p. c. of the sugar, and without any sticky

mother-ley, are obtained. (Schlesinger, Eepert. 74, 27.) The dark
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mother-ley, which remains after separating the oxalic and saccharic

acids formed by treating- cane-sugar with commercial nitric acid, con-

tains cassonic acid, which may be precipitated by sugar of lead. This

compound, when separated from its lead-salt, forms an uncrystallisable,
reddish syrup, whose aqueous solution produces a metallic mirror with
ammoniacal nitrate of silver, is precipitated by excess of baryta-water,
and when mixed with ammonia and chloride of barium throws down
white flocks of cassonate of baryta, containing C 10H6Ba2 14

. (Siewert
Zeitschr. f. d. ges. Naturw. 14, 337 ; abstr. Kopp's Jahresber. 1859, 548.)

18. In contact with moist or aqueous arsenic acid, cane-sugar deli-

quesces in a few hours, even in the dark and when air is excluded, to a

syrup which is red at first, but after 14 days becomes red-brown, and at

last black-brown and evolves a smell of acetic acid. Part of the arsenic

acid is thus converted into arsenious acid and part of the sugar into

glucose. (Eisner, Schw. 50, 348. 61, 230.) The reduction of the

arsenic acid is not essential ; on the one hand, humus seems to be pro-
duced by the elimination of water, and, on the other hand, glucose by
its fixation. (Schweigger-Seidel, Schw. 61, 356.) The red colour is

due to the formation of humus. (Malaguti.) A dry mixture of sugar
and arsenic acid deliquesces in dry air over hydrate of lime to a red

mass, which becomes black after a few days. (Rouchas, J. Pharm.

17, 116.) The red solution gives a rust-coloured precipitate witli

lime-water. (Baumann, N. Br. Arch. 37, 47.) A solution containing

-aV pt. cane-sugar heated in steam for a few seconds with a 1 p. c.

solution of arsenic acid, becomes red at the margin, and on evapora-
tion leaves a bright red spot. (Eisner, Pogg. 47, 481.) Arsenic acid

added to solution of cane-sugar does not prevent the formation of

mould and the consequent decomposition of the sugar on standing ;

arsenic acid and creosote together only prevent the decomposition
from beginning, they do not arrest it when once begun. (Bechamp.)
See also p. 256.

19. Cane-sugar heated for some time with aqueous osmic acid

evolves carbonic acid, and forms oxalic acid and a peculiar acid

whose ammonia-salt is soluble in alcohol. (Buttlerow, J. pr. Chem.

56, 274.) Cane-sugar reduces vanadic acid to vanadic oxide. (Ber-

zelius.)

20. A mixture of cane-sugar and oxalic acid moistened with water,

deliquesces in the water-bath, to a colourless syrup, which afterwards

becomes brown and lastly black-brown, and yields to water fruit-sugar
and glucose, while a black residue remains, containing 61*87 p. c. carb.,

4-48 hydr., and 33'65 oxyg.. answering to the formula C24H10 10
(cal-

culation : 61'54 p. c. carb., 4-27 hydr.) and resembling Mulder's Immiii

[more closely, Maumenes caramelin (p. 262) (Knop, Chem. Centr. 18">(>,

847)]. A little carbonic acid escapes at the same time, and formic

acid, produced by the decomposition of oxalic acid, not of the sugar,
passes over with the aqueous vapour (together with oxalic acid).

(Van Kerckhoff, J. pr. Chem. 69, 48) See also Dobereiner (Ann. Pharm.
2, 333).

21. Cane-sugar heated to 100 or 120 with acetic, butyric, len:r>i<>,

or tfearic acid, yields, with elimination of water, products resembling
those obtained from glucose under the same circumstances. Tartanc

s 2
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add heated with 1 at. cane-sugar gives Berthelot's aclde glucoso-ditar-

trique. (Berthelot, N.Ann. Chim. Phys. 54, 78. 60, 93 ; Chim. organ.

2, 257, 271 and 295.) A mixture of cane-sugar and succinic acid in

atomic proportions melts to a dark brown syrup at 120 130, and

yields a compound of succinic acid with glucose, water being set free.

(van Bemmelen, Kopp's Jahresber. 1858, 436.) We ought perhaps, with

Berthelot (Chim. organ. 2, 295), to regard these compounds as mixtures containing
succinic acid combined, partly with laevo-glucose sugar, and partly with dextro-glucose.

[Kr.]

22. When ammonia gas is passed over cane-sugar which is heated
above 150, but not so strongly as to decompose it, water and
carbonate of ammonia escape, while liquid and insoluble substances
remain in the residue, containing 10 p. c. of nitrogen not removable

by aqueous alkalis. These bodies are not formed at 130. (P. The-

nard.) Cane-sugar behaves like starch (p. 87) when heated with

aqueous ammonia. (Schiitzenberger, Zeitschr. Ch. Pharm. 4, 65.)
See also Schoonbrodt (Compt. rend. 52, 1071) who states that he obtained from sugar,

by the action of ammonia with the aid of phosphoric acid, a product containing
C24N3H 18O9

.

By heating equal parts of cane-sugar syrup and aqueous ammonia in

sealed tubes to 180 for 38 or 40 hours, a soluble and an insoluble black

substance are obtained. The latter can be further decomposed, so that

altogether four black or brown bodies are formed. Among them is a

product soluble in alcohol, insoluble in water, containing' 65*66 p. c.

carb., 6*05 hydr. 19*36 nitr., and 8*93 oxyg., according to Thenard,
C48N6H26 5

. Another product, which is insoluble in water and in

alcohol, but soluble in acids, contains 54*26 p. c. carb., 8*34 hydr.,
18*78 nitr., and 21*62 oxyg. ; Thenard assigns to it the formula
CMN 8II32 15

. (P. Thenard. Bull Soc. Chim. Paris, 1861, 18 and 33 ;

abstr. Compt. rend. 52, 444
; Rep. Chim. pure, 3, 207.)

23. Cane-sugar heated with potassium or sodium is decomposed
with faint evolution of light, into charcoal and alkali. (Gay-Lussac &
Thenard.)

A mixture of cane-sugar with 4 or 5 pts. potash-hydrate and a small

quantity of water, becomes at first brown when heated, but is after-

wards decolorised, evolves hydrogen, and then contains a large

quantity of oxalate of potash. (Gay-Lussac, Ann. Chim. Phys. 41, 398;

Pogg. 17, 171 ; Schw. 58, 87.) 100 pts. cane-sugar yield 32*1 pts.
oxalate of lead. (Buchner & Herberger, Repert. 38, 189.) If cane-

sugar is added to hot concentrated potash-ley (such as would solidify
on cooling) to the extent of ^ the weight of the potash-hydrate, the

mass becomes brown, evolves hydrogen, gives off an aromatic smell of

caramel, becomes thick after a few minutes, froths up until the brown
colour has disappeared, arid solidifies. The mass yields, on distillation

with dilute sulphuric acid, carbonic acid, formic, acetic, and metacetic

acids, and deposits binoxalate of potash. The sugar is in this case

decomposed into carbonic acid, acetone and metacetone, the last of

which yields propionic acid, while the acetone yields formic and
acetic acids. Both are at last partially converted into oxalic acid.

(Gottlieb, Ann. Pharm. 52, 122.)

Cane-sugar does not become sensibly brown when boiled with

potash-ley. (Boullay, J. Pharm. 16, 172. Chevalier, J. Chim. med.

18, 471.) Solution of sugar heated with potash-ley to 88 and then
neutralised with acid does not regain the whole of its rotatory power,
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which is still further diminished when it is boiled or evaporated down.
(Michaelis, J. pr. Chem. 56, 423.) When cane-sugar is boiled for a

long time with a small quantity of potash, out of contact with air, the

potash becomes saturated with ulmic acid; if air has access, formic
acid is also produced. (Malaguti, Aim. Chim. Phys. 59, 420.) Car-
bonate of potash does not diminish the rotatory power of sugar when
heated to 88, but when boiled it docs so to a less extent than caustic

potash. (Michaelis.) By boiling solution of cane-sugar for 72 hours
with

-jjL- pt. crystallised carbonate of soda, an acid black liquid is

formed possessing Isevo-rotatory power. (Soubeiran.)
When a mixture of cane-sugar and inverse sugar is boiled for a

few moments with caustic potash, the mass becomes coloured brown
and black. After saturation with carbonic acid, basic acetate of lead

precipitates from it nearly all the colouring matter, but no crystals
can be obtained from the slightly-coloured solution which contains the
whole of the cane-sugar, no doubt because the products of decom-
position of the inverse-sugar prevent the crystallisation (Buignet).

24. Solutions of cane-sugar mixed with hydrate of lime exhibit

greater stability when boiled or long kept than pure aqueous sugar-
solutions (Bouchardat, Soubeiran, and others. Comp. p. 253). Hence
the following observations are perhaps to be explained by the impurity
of the sugar employed. When the compound of lime with cane-sugar
is dissolved in a small quantity of water and exposed to the air, the
lime separates out as carbonate, and the liquid changes to a white,
tasteless paste, soluble in boiling water. This solution does not
colour iodine, gives a slight turbidity with oxalic acid, and is pre-

cipitated by acetate of lead, bichloride of tin, and alcohol. It leaves
on evaporation a solid brown mass which retains its solubility in

water (Daniell, Ann. Chim. Phys. 10, 221). Braconnot found in aqueous
sucrate of lime which had been kept for four years, a deposit of oxalate
and rnalate of lime, and in the solution acetate of lime and cane-sugar,
but no gurn (Ann. Chim. Phys. 68, 337). If a solution of cane-sugar
supersaturated with lirnc is allowed to stand for a year in an air-tight

bottle, the excess of lime contains neither oxalic nor malic acid. After

removing the dissolved lime, evaporating and redissolving in alcohol,

cane-sugar crystallises out, while melassic acid, saccharic acid, and

uncrystaliisable sugar remain in the mother-liquor (Brendecke, N. Br.
Arch. 29, 75 ; see also Berthelot p. 251).

When an intimate mixture of 1 pt. cane-sugar and 8 pts. quick-lime
is heated, a violent re-action takes place, as the sugar gives up water
to the lime, continuing even after the mixture is removed from the fire ;

no gas is evolved, but a brown, oily mixture of acetone and metace-
tone passes over. (Fremy, Ann. Chim. Phys. 59, 5.) The same pro-
ducts are obtained in greater abundance with 3 pts. lime to 1 pt. sugar.
(Gottlieb, Ann. Pharm. 59, 5.) When cane-sugar is distilled with

soda-lime, small quantities of ethylene, propylene, and amylene are
obtained. (Berthelot, Inst. 1857, 269 ; Kopp's Jahresber. 1857, 426.)

When considerable quantities of cane-sugar are heated with 3 to

8 pts. quick-lime, combustible gases are evolved, and a liquid distillate

passes over, containing acetone, oils of the formula CUHU 3
,
C 16H15 3

,

C20II17 3
,
and C^H^O3

,
a small quantity of resin, and substances soluble

in potash-ley. (R. Schwarz.)
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When the liquid distillate is rectified with water, the resin remains behind, while a

pale yellow oil floats on the water which passes over. On agitating this resin with milk
of lime, and distilling the filtrate with dilute sulphuric acid, acetic and propionic acids

pass over.

The pale yellow oil gives up acetone to water
;
the insoluble portion is partly dis-

solved, with dark red-brown colour, by potash-ley, the oil which floats on the surface

acquiring at the same time an agreeable odour. The potash-solution, distilled with

sulphuric, acid, deposits resin and gives off traces of fatty acids, together with a neutral

oil having an odour of peppermint, containing 61*07 p. c. carbon, 12'10 hydrogen, and
26'83 oxygen, and agreeing, according to Schwarz, with the formula C5H'O3

.

The portion of the pale-yellow oil which has been treated with water and potash-

ley, if again subjected to fractional distillation, passes over between 70 and 250, but

not completely. The portion volatilised at 70 contains 70'30 p. c. C., 9'52 H., and
20-18 O., according to Schwarz = C14HUO3

; that which volatilises at 95 contains

7372 C., 10-25 H., and 16*03 O., according to Schwarz = C 18H15O3
(perhaps dumasin

ix. 25? Kr.) : that which volatilises at 100 contains 77'61 p. c. C., 11*21) H., and
10-10 O., according to Schwarz = C^H^O3

(phorone xiii, 342? Kr.), and that which
volatilises at 150 contains 74*40 p. c. C., 10*15 H., and 15*45 O., according to

Schwarz = C^H^O3
. The mixture of these compounds, treated with oxidising

agents, yields fatty acids and a neutral oil containing 7C'60 p. c. C., 10'48 H., and

12'92 O. The same mixture, boiled for some time with potash-ley, becomes dark-coloured

and yields resin and a mobile oil containing 72'01 to 73'46 p. c. C., and 10*61 to 10'08 H.
The latter is further decomposed by hot nitric acid, yielding oxalic acid and a new
volatile oil (78'68 p. c. C., 10'59 H., and 10'63 O. = C 10H8O : Schwarz). It is also

decomposed by oil of vitriol or anhydrous phosphoric acid, producing a hydro-carbon

(89-81 p. c. C. and 10'18 H. = C 12H8
, Schwarz), whose boiling point lies at about 180,

differing, therefore, from that of cumene and that of mesitylene (R. Schwarz, Wien.
Akad. Ber. 5, 159 ; /. pr. Chem. 51, 374).

25. Cane-sugar solution heated with basic nitrate of bismuth, does

not alter it, or merely gives it a faint yellowish colour. (Bottger,
Jahrb. pr. Pharm. 22, 23.) 26. Boiled with acetate of zinc, it gives
off a trace of carbonic acid. (Peschier, J. Pharm. 3, 508.) 27. A
clear mixture of cane-sugar and aqueous protochloride of tin, kept in a

sealed tube, deposits a white precipitate, without further alteration.

In contact with the air, it turns brown after some hours, and gives off

an odour of caramel. (Bechamp, N. Ann. Chim. Phys. 54, 38.)

28. When an aqueous solution of 1 pt. cane-sugar and 15 to 30 pts.

5-hydrated bichloride of tin is evaporated to dryness, and the residue

heated to 120 130, it blackens and is converted into Maumene's
caramelin C 12H4 4

. This black-brown caramelin, insoluble in water,
dilute acids, and alkalis is (different from Grelis's caramelin, and) formed
from sugar by abstraction of 7 at. water: C 12HnOn = C 12H*04+ 7HO.

(Maumene, Compt. rend. 30, 314, 447; 39, 422.) With a smaller

quantity of chloride of tin (protochloride of mercury or terchloride of

antimony), a brown substance partially soluble in water is produced,

perhaps a mixture of caramelin and unaltered sugar. This re-action

is applied by Maumene to the detection and estimation of sugar ;
but

all carbohydrates behave in the same way.

29. When the compound of cane-sugar with oxide of lead is heated for

three hours to 168, the residue decomposed under water by hydro-

sulphuric or carbonic acid, yields a colourless solution, from which by
evaporation a' transparent non-solidifying syrup is obtained. (Berze-

lius, Jahresber. 19, 442.) See below. When neutral acetate of lead is

boiled for some time with solution of cane-sugar, a brown precipitate
is obtained. (Peschier, J. Pharm. 3, 508.)

30. Sesquichloride of iron is reduced to protochloride by heating
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with cane-sugar solution, without evolution of carbonic acid. Cane-

sugar heated with ferric oxide, sulphuric acid, and water, yields formic

and carbonic acids. (Hiinefeld, J. pr. Chem. 7, 44.) With ferric

acetate, cane-sugar solution gives off a small quantity of carbonic acid,

and deposits ferrous oxide. (Peschier, J. Pharm. 3, 508.) When
1 pt. of iodide of iron, 1 pt. cane-sugar, and 4 pts. water are evaporated
together to dryness, the residue, after standing for a week, gives up
a portion of its substance to water. The dark-brown filtrate contains

iodide of iron, but is no longer capable of fermenting with yeast. The
residue is a black-brown powder which is slowly decomposed by hydro-
chloric acid into a brown solution and cinnamon-brown flocks, gives off

iodine when heated, and leaves charcoal, after the combustion of which
ferric oxide remains. Soda-ley withdraws iodine from the residue and
leaves a mixture of ferric oxide and charcoal. (Frickhinger, Repert.

85, 210.)

31. When a strong solution of cane-sugar is boiled with a few

lumps of potash, then diluted with water, and nitrate of cobalt added,
a beautiful violet precipitate is formed which turns greenish on stand-

ing. The presence of grape-sugar prevents the formation of the pre-

cipitate. (Reich, J. pr. Chem. 43, 72.)

32. With Cupric Salts. Cane-sugar solution left in contact with

cupric hydrate for a week in the cold, neither alters its colour nor gives
off carbonic acid ; but after from 4 to 6 hours' boiling the water which

evaporates being replaced cuprous oxide begins to form. (Busch,
Ann. Pharm. 4, 60.) Cupric hydrate preserves its colour when left to

stand in the cold, or when boiled for a short time with syrup of cane-

sugar, but after longer boiling it gives up its water, turns brown, and
after two hours' boiling is reduced to yellow cuprous oxide. If the

syrup contains a trace of alkali, the cupric hydrate dissolves imme-

diately, and is then precipitated by the sugar as cuprous oxide, this

solution and precipitation going on till the whole of the cupric oxide

is reduced. (Hunton, Lond. Ed. Mag. J., 11, 154.) When cupric

hydrate washed with cold water, is boiled with cane-sugar solution and
a little caustic alkali, the colourless liquid filtered from the precipitated

cuprous hydrate contains oxalic acid (J. J. Pohl, J. pr. Chem. 63, 359),
carbonic and acetic acids. (Becquerel, Ann. Chim. Phys. 47, 5.) Ignited

cupric oxide is not altered by boiling for several hours with solution of

cane-sugar, but in presence of lime or alkalis, it dissolves and is preci-

pitated as Cuprous oxide. (Hunton.) When cupric hydrate is heated for a

short time with cane-sugar, and a quantity of potash not sufficient for complete solution,
a permanent green colour is produced. (Pohl.) Cane-SUgar boiled with

aqueous cupric sulphate throws down metallic copper (from which aqueous
ammonia removes a brown- red film), while a Small quantity of CUpl'OUS salt

remains dissolved. (Vogel, Schw. 13, 102.) The concentrated solu-

tion of equal parts of cupric sulphate arid cane-sugar acquires by
boiling, a blue-green, dark-green, and finally dark-brown colour, and

deposits metallic copper, after the removal of which the supernatant

liquid again appears green. On boiling the liquid for several hours
and replacing that which evaporates, it becomes dark-brown, viscid,

and smells like caramel. (Pohl.) The solution of equal parts of cupric

sulphate and cane-sugar yields, on addition of soda-ley, a precipitate
of cupric hydrate, which redissolves with deep-blue colour in excess of

soda-ley, and is precipitated as red cuprous oxide when heated. (Mit-
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scherlicli, Pogg. 49, 402.) If a sufficient excess of alkali is present,
the blue solution remains unaltered in the cold for several days, and

deposits a small quantity of cuprous oxide only after some weeks.
The reduction does not take place till after some time, even on boiling.

(Trommer, Ann. Pharm. 39, 360.) After 14 days' standing in closed

vessels, it deposits a green-blue precipitate and cuprous oxide.

(Schwertfeger, Jahrb. pr. Pliarm. 7, 292.) When cane-sugar is

boiled with cupric chloride, the liquid on cooling deposits cuprous
chloride ; from cupric nitrate nothing is precipitated on boiling, but
the liquid afterwards yields a yellow precipitate with potash. From
cupric acetate, cane-sugar precipitates on boiling (slowly in the cold,

more quickly at 36 : Postel, J. Pliarm. 18, 570), a large quantity of

cuprous oxide containing organic matter, whilst a deliquescent sugar
remains in the liquid. (Vogel ; Buchner, Schw. 14, 224.) At the begin-

ning of the boiling, a small quantity of carbonic acid is evolved. (Peschier, J. Pharm.

3, 508.) After half-an-hour's boiling of 1 pt. verdigris, 48 pts. water, and 48 pts.

sugar, the whole of the copper is precipitated as cuprous oxide, together with a colour-

less jelly soluble in water. (Holger, Zeitschr. phys.-math. 3, 401.) According to

Baumann (N. Br. Arch. 37, 47), cane-sugar solution is not altered by boiling with

cupric sulphate, chloride or acetate, or with cuprammonia.

33. Mercuric oxide boiled with an aqueous solution of cane-sugar is

converted into a black powder containing mercurous oxide. (Vogel).
From solution of mercuric chloride, cane-sugar at the boiling heat, throws
down calomel (Vogel), a dirty brown precipitate (Peschier) ; from
mercurous nitrate it reduces the metal, together with a small quantity
of mercurous oxide, and converts mercuric acetate into mercurous acetate.

(Vogel, Schw. 13, 162 ; Buchner, Schw. 14, 224). According to Baumann,
mercurous nitrate is not reduced by sugar at the boiling heat.

34. Cane-sugar triturated with nitrate of silver soon becomes moist,
and reddens the more quickly as it is exposed to a brighter light.

Aqueous cane-sugar mixed with nitrate of silver deposits (at the boil-

ing heat, according to Vogel) a black powder (Rouchas, J. Pharm. 17,
116 ; N. Tr. 24, 2, 187) which appears to be a mixture of oxide and
metal. (A. Vogel.) According to Baumann, aqueous nitrate or ammonio-nitrate
of silver is scarcely reduced by boiling with cane-sugar solution. Chloride of silver

covered with concentrated potash-ley is reduced to the metallic state

by cane-sugar. (Casaseca, Compt. rend. 32, 686 ; J. pr. Chem. 53, 318.)

35. Cane-sugar boiled with aqueous bichloride of platinum precipi-
tates nothing, according to Baumann ;

a black-brown substance, accord-

ing to Peschier. 36. From aqueous terchloride of gold it precipitates
first a light red, then a dark red powder. (Vogel, Buchner.)

37. When a mixture of cane-sugar, bromide of ethyl, and lumps of

potash-hydrate is heated to 100 for several days, Berthelot's cthyl-

glucose is obtained. (Berthelot. JV. Ann. Chim. Phys. 60, 103; Chim. organ.

2, 301.)

38. A solution of indigo mixed with carbonate of soda is not deco-

lorised by prolonged boiling with cane-sugar solution. (Mulder,
N. Br. Arch. 105, 268.)

39. Cane-sugar is not altered either by diastase (Guerin-Varry,
Ann, Chim. Phys. 60, 32), or by emulsin. (0. Schmidt.)
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40. Moderately concentrated aqueous solutions of cane-sugar left

in contact with certain nitrogenous bodies, at temperatures between
10 and 30, undergo transformations distinguished by the names

Vinous, Lactous, and Mucous Fermentation. (See vii, 96.)

A. Vinous Fermentation. The clear juice of sacchariferous plants
left to itself in contact with the air at temperatures between 20 and

24, becomes turbid after a few hours, gives off carbonic acid, becomes
warmer than the surrounding air, and remains in a state of transfor-

mation for an interval varying from 48 hours to several weeks, accord-

ing to the temperature, the amount of sugar present, and the nature

of the nitrogenous matters, till in fact the whole of the sugar is

decomposed. As soon as the evolution of carbonic acid is terminated,
a substance previously suspended in it, the ferment, separates, partly
carried upwards by adhering gas-bubbles, partly downwards, leaving
the liquid clear, which then, in place of the sugar, contains alcohol,

glycerin, and succinic acid. The ferment formed in this process, if

introduced at about the same temperature, into a moderately dilute

solution of pure sugar, induces therein also the decomposition of the

sugar into the same products.
Solutions of sugar containing glutin altered by the process of

germination or of mashing, undergo, on standing, an irregular fer-

mentation, which however may be rendered regular by the introduction

of a small quantity of ferment. Such is the case in the fermentation of

beer-worts. Comp. lire (J. pr. Ckem. 19, 183). When albuminoidal sub-

stances, glutin, casein, or substances of like nature, are introduced into

sugar solutions, and the liquids are exposed for some time to the air,

sometimes vinous fermentation takes place, sometimes another kind of

decomposition. See the details below.

The views of Schwann already mentioned (vii, 109) on the conditions of fermenta-

tion, and those of Cagniard de Latour on the nature of yeast, have been further deve-

loped by Mitscheilich, Blondeau, Schroder & Dusch, Van den Broek, Pasteur, and

others, and may now be regarded as established. For thn opposite views of Liebig, see

Handworterb. 3, 117; Agricultur-chemie, 5 Aufl. 469; this Handbook, vii, 109; of

Schmidt, Ann. Pharm. 61, 168 ;
of Schubert, Fogg. 147 and 397 ;

of Dopping &
Struve, J.pr. Chcm. 41, 255; of Traube, Poyg. 103, 331 ; of Berthelot, Compt. rend.

50, 680; &c. &c.

a. Vinous fermentation is always produced under the influence of

the vital energy of yeast-cells (Bierhefe, Ferment alcoolique, Torvula

cerevisicB : Blondeau de Carollcs), either when beer-yeast is introduced

into saccharine liquids in which it can grow, or when the liquid is of

such a nature that yeast-cells can form in it spontaneously.
Vinous fermentation is produced by one particular fungus, lac-

tous fermentation by another. (Blondeau, Pasteur.) The spores
of yeast are universally diffused through the air, and produce

yeast-cells whenever they come into a sugar-solution adapted to

their development; air deprived of these bodies never excites fer-

mentation.
Fermentation is in all cases preceded by the development of vege-

table germs in the fermentable liquid. These germs are of various

species, some of which develop themselves while others remain inac-

tive, according as the liquid is or is not adapted to their development
and sustenance. (Blondeau).

A sugar-solution mixed with yeast ferments immediately ; but the
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juice of grapes and other fruits requires access of air to bring it into

the fermenting state. If the air is excluded, expressed grape- juice
does riot ferment, but if oxygen has access to it, fermentation is set

up. Grape-juice preserved for a year by Appert's method (vii, 100)
ferments a few days after transference into another vessel. The same

grape-juice passed up over mercury, without coming in contact with
the air, does not ferment till oxygen gas is passed up to it. Hence,
Gay-Lussac regarded oxygen as essential to the commencement of

fermentation in fruit-juices, but not to its continuance. (Gay-Lussac,
Ann. Chim. 76, 247).

Air previously heated to redness cannot induce fermentation in a
solution of sugar mixed with yeast and boiled, inasmuch as either

unboiled organic matter or unignited air is necessary to the commence-
ment of the process. (Schwann, Pogg. 41, 187; Ure, J.pr. Chem. 19, 187.)
Wine-must boiled and enclosed in a bladder does not ferment even if

(suspended in fermenting must. It appears indeed that the access of a
Holid body from the air is essential to vinous fermentation, so that

oxygen gas evolved from water by electrolysis is incapable of bringing
boiled grape-juice into the fermenting state. (Helmholtz, J. pr. Chem.

31, 434.) The ferment of the air may likewise be retained by filtra-

tion through cotton ; consequently sweet malt-wort in contact with
filtered air does not ferment even for weeks. (Schroder & Dusch,
Ann. Pharm. 89, 332.)

Fresh grape-juice which has never come in contact with atmos-

pheric air, suffers no alteration for years when kept over mercury at

a temperature between 26 and 28. If oxygen gas previously heated
to redness or filtered through cotton be brought in contact with it,

the juice after some hours becomes darker, absorbs the oxygen, and

gives off carbonic acid, but no fermentation takes place even after a

long time. Common air, inasmuch as it contains bodies capable of

forming yeast-cells, or the yeast-cells themselves (even such as have
never been in contact with the air) can set up vinous fermentation,
the continuation of which is promoted entirely by the growth of the

yeast-cells. (Van den Brock, Ann. Pharm. 115, 75.)
The fungi diffused over the surface of fruits, leaves, and fruit-

stalks, likewise induce fermentation in saccharine liquids. If to a fer-

mentable fruit-juice mixed with sugar, there be added 2 measures of

water, the whole violently and continuously shaken, and the liquid,
which has become specifically lighter, set aside, the cells of the fungi
rise to the surface, and then give rise to formation of mould, but no
fermentation takes place within the liquid. (II. Hoffmann, Ann. Pharm.

115, 228.)
If the motes floating in the air are collected in cotton or asbestos

contained in a tube through which the air is drawn, and introduced
into sugar-solutions which have been well boiled and cooled again,
and are mixed with the mineral and albuminoidal constituents of

yeast, they develop into infusoria and mucedinea>, even if only ignited
air has access to the liquid. Sugar-solutions mixed with the same

yeast-constituents, but not containing this dust, undergo no alteration

between 28 and 30; neither do those into which cotton or asbestos alone

is introduced. The same liquid remains unaltered if boiled in a glass
iiask, the neck of Avhich is bent so that no dust can fall into it, the

flask being afterwards left unclosed. (Pasteur, Compt. rend. 50, 303
see also N. Ann. Chim. Phys. C4, 5.)
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The better a saccharine liquid is adapted for the nutrition of yeast-

cells, the more easily will they be developed (from the above-mentioned
bodies in the atmosphere) when air has access to the liquid. Thus
vinous fermentation is almost always set up when the clear-filtered

wash- water, or the decoction, of yeast (which contains the soluble mine-

ral and albumino'idal constituents of that substance) is mixed with

sugar-solution and left to itself (as observed long ago by Colin) ; it

is frequently also accompanied by lactous fermentation ;
but the latter

very seldom takes place alone, unless the wash-water of previously
altered yeast has been used (Pasteur). All natural saccharine juices
which ferment spontaneously yield a deposit of yeast (Thenard, Mit-

scherlich). Also diabetic sugar (Quevenne, /. Pharm. 24, 36). Yeast is

formed in liquids containing putrefying animal matters, on addition of

sugar, the formation of vibrios continuing if the sugar is present in

small quantity only, but being hindered by a larger quantity (Mit-

scherlich, N. J. Pharm. 4, 218). A similar observation was made by
Cagniard de Latour. Hence there can be no doubt that, in the follow-

ing cases also, the occurrence of vinous fermentation depends upon
the previous formation of yeast. Vinous fermentation is produced in

sugar-solutions, after access of air, by the glutinous matter suspended
in currant-juice, but not by the soluble part alone (Thenard), by white
of egg (Seguin), gliadin (Taddei), legumin, especially if in a state of

incipient putrefaction (Braconnot), by wheat-glutin, vine- and sorrel-

leaves, mashed elder-flowers (Fabroni), ox-blood, the fibrin and serum
of blood (Colin), comminuted brain (Pouchet, Compt. rend. 52, 284), and

many other bodies. Honey dissolved in 4 pts. of water ferments

without addition of yeast (Colin). Fermenting liquids exposed to the

air after boiling, gradually pass into the fermenting state again (Gay-
Lussac). Sugar-solutions cannot be brought into the fermenting
state by wood-charcoal, the charcoal obtained by igniting animal

matters with potash and lixiviating the residue, or platinum-black

(Berzelius).
The vinous fermentation of sugar is likewise induced by the pecu-

liar ferment of madder (Schunck's erythrozym) in contact with air,

especially if this substance is in a state of decomposition. A mixture
of carbonic acid and hydrogen is evolved ;

and the liquid, after 14 days,
contains alcohol, acetic acid (perhaps, also, formic acid), a small quan-
tity of succinic acid, and a sweet, brown, uncrystallisable body (gly-
cerin ? Kr.), but no lactic acid. The same effect is likewise produced

by the brown precipitate formed on adding a small quantity of hydro-
chloric acid to an aqueous infusion of madder after it has been made
alkaline by lime-water (Schunk, J. pr. Chem. 63, 222).

The clear filtrate of almonds bruised with water quickly brings

grape-sugar into full fermentation, without at first producing yeast-
cells perceptible by the microscope, these cells making their appear-
ance only at a later stage of the process. The sacchariferous (?)

liquid, if left to itself after the fermentation is ended, becomes filled

with aggregates of cells, but putrefaction does not take place within

8 to 14 days. The fungi thus formed, if introduced into a fresh solu-

ti MI of grape-sugar, continue to grow in it, but produce only a slight
and very transient fermentation, or none at all. AVhen muscle,

gelatin, or yeast, in a stale of stinking putrefaction, is introduced into

a solution of sugar, the putrefaction ceases, fermentation is set up,
and yeast-cells lire produced. (C. Schmidt, Ann, Pharm. 61, 168;
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Lieb. Kopp. Jahresbcr. 1847-48, 468.) Hence Schmidt (like Liebig)
regards the growth of fungi in fermentation as merely a secondary
phenomenon, not an essential condition of the fermentation. But
K. Wagner (J.pr. Chem. 45, 241) observed the simultaneous occur-

rence of fermentation and formation of yeast-cells under the conditions

described by Schmidt.
Yeast consists of very small microscopic, round, or egg-shaped balls

(Leuwenhoeck, Cagniard de Latour) of y^Vo mm - diameter (Blondeau).
These balls are vegetable cells (Cagniard de Latour), with elastic

walls, filled with a liquid and a soft horny mass, which latter is at

first attached to the walls, but extends to the middle as the cell

grows ; young cells are transparent, and almost destitute of granular
contents. (Mitscherlich, Pasteur.) These cells multiply by gemma-
tion (Cagniard de Latour, Mitscherlich) ;

the newly formed cells do
not separate from the central cell till they have attained to nearly the

same size. (Pasteur.) They always remain isolated, and never form
ramifications or elongated cells, like those of lactous ferment. (Blon-

deau.)

According to Cagniard de Latour, Turpin, and Mitscherlich, yeast-
cells also increase by bursting and diffusing their granular contents

through the liquid, the granules then developing into cells. Schloss-

berger and Pasteur did not observe this mode of formation, which is

likewise inconsistent with the uniform size of the free yeast-cells.
Yeast contains cellulose, fat, nitrogenous and mineral substances.
See analyses of yeast by Payen (Mem. des Savants etrangers, 9, 32) ;

Dumas (Traite
de CMmie, Paris, 1843, G, 316); Mitscherlich (Lehrl. 4 Aufl. 370); Schlossberger

(Ann. Pharm. 51,193).
The yeast deposited in the vinous fermentation of beer, of diabetic

urine, of grape-juice or other natural fruit-juices, is invariably of the

same composition. (Quevenne, J. Phann. 24, 265.) In commercial

beer-yeast, the cells of Torvula cerevisice and of Penicillium glaucum may
be distinguished by the aid of the microscope. These two fungi may
be separated one from the other, by washing and filtration, the larger
cells of the Torvula remaining on the filter (and exciting vinous fer-

mentation when introduced into sugar-solutions), while the smaller

cells of the Penicillium pass through the filter and, consequently, the

filtrate excites lactic acid fermentation in sugar-solutions. (Blondeau.)

On the distinction between top- and bottom-yeast, see Mitscherlich (Poyff. 59, 94) ;

R. Wagner (J.pr. Chem. 45, 241); on beer-yeast in general, Colin (Ann. Chim. Phys.

30, 42).

Fermentation takes place only when the solution is sufficiently

diluted with water ;
with less than 4 pts. water to 1 pt. sugar, it

takes place but imperfectly or riot at all, partly perhaps because the

resulting alcohol precipitates the nitrogenous substances, destroys
the fermentative power of the yeast, or renders the liquid unfit for its

further development. If, on the other hand, the liquid is too dilute,

the fermentation is slow, irregular, and easily passes into acetous fer-

mentation. Moreover it is necessary that the yeast be in direct con-

tact with the sugar-solutions. A solution of sugar contained in a

bladder suspended within a fermenting liquid, does not ferment, but

merely takes up a little alcohol by diffusion. (Helmholtz, p. 266.)

When a tube, plugged with filtering paper and containing yeast,
is introduced into a sugar-solution, this solution passes through the

paper and ferments within the tube, but not outside. (Mitscherlich,
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N. Ann. Chim. Fhys. 7, 30.) When a solution of sugar contained in a

test-tube is separated into two parts by a cotton plug, and yeast is

introduced into the upper part, this part ferments, but not the lower.

(II. Hoffmann, Ann. Pharm. 115, 228.)
An increase of yeast takes place in fermentation, when the liquid,

in addition to sugar, contains a nitrogenous substance. When, on
the contrary, yeast is left in contact with a pure solution of sugar, it

diminishes both in weight and in fermenting power, and in the end
becomes totally inactive. (Payen, Quevenne.)

In the fermentation of pure sugar-solutions, the yeast first increases

in weight and then diminishes, because it first assimilates the con-

stituents of sugar, and gives them up again as the fermentation pro-

gresses. (Quevenne, J. Pharm. 27, 593.)
Yeast may grow and increase in sugar-solutions if they are mixed

with ammoniacal salts, yeast-ash, and a trace of yeast, fermentation

then also ensuing.
If to 10 grs. of sugar-candy there be added 1 gr. of yeast-ash,

0*1 gr. tartrate of ammonia and a piece of moist yeast of the size of a

pin's head, carbonic acid begins to escape after the lapse of 24 to 36

hours, and in the following days yeast separates out. In the latter,

the microscope will distinguish the old cells added to the liquid from
the transparent younger cells. In time however these differences dis-

appear, and the whole of the yeast assumes the granular aspect of old

washed yeast. If the constituents of the ash or the ammonia-salts

are absent no fermentation takes place ; if the yeast cells are absent,
infusoria and lactous ferment are produced, but no yeast cells,

apparently because the liquid is not adapted for their develop-
ment (from the spores contained in the air). If the mixture be boiled,

and afterwards brought in contact only with heated air, no fer-

mentation of any kind takes place.

Sugar-solution mixed with white of hen's egg, passes, in the course

of 3 or 4 weeks, into a state of slow fermentation and deposits cells of

yeast (Colin & Thenard, Turpin). Even when yeast-cells are added,
this fermentation does not take place till the albumin has passed into

a state of decomposition. But blood-serum, flesh-juice, and the wash-
water of yeast may serve for the formation of yeast without furthcr

aid, so that, after addition of sugar, yeast-cells are actively developed
in these liquids (Pasteur).

Yeast grows and multiplies in pure sugar-solutions as well as in

such as have been mixed with albuminoidal substances. In the former

case all the yeast-cells are found, at the end of the fermentation, to

be deprived of their soluble nitrogenous constituents, which have been
used for the formation of new yeast-cells ;

in the second case, there

are found, together with the exhausted cells, a large number of newly-
formed cells filled with soluble mineral and albuminoidal substances

(Pasteur). When sugar-solutions are fermented with 15 to 20 per
cent, of moist yeast, the quantity of yeast found at the end of the

fermentation is less than that originally contained in the liquid. If,

on the contrary, the weight of the yeast was 10 p. c. or less of that of

the sugar, it increases during the fermentation. But if to the weight
of the recovered yeast, there be added that of the nitrogenous sub-

stances which have passed into the solution, the sum of the weights
of the two substances exceeds that of the yeast originally employed
by 1-2 to 1-5 p. c. of the sugar. If albuminoidal substances are like-
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wise added, they are consumed in the formation of yeast ; so that
here also the weight of the yeast separated at the end of the fer-

mentation, together with that of the yeast-coristitnents which have

passed into the solution, is somewhat greater than the weight of the
albummo'idal substances used (Pasteur).

When yeast mixed with sugar-solution and albumino'idal substances
is exposed to the air in shallow vessels, oxygen is absorbed, and a

quick and active increase of the yeast-cells takes place, only 6 to 8 pts.
of sugar being decomposed for every 1 pt. of the newly-formed yeast.
The yeast thus formed, if introduced into sugar-water without coming
in contact with the air, immediately excites very active fermentation.

(Pasteur, Compt. rend. 52, 12GO). Hence Pasteur concludes that yeast
can live in two different ways, either without contact of air, in which
case it decomposes about 100 times its weight of sugar, growing and

multiplying but slowly, or in contact with the air, in which case its

reproduction goes on very quickly, but only a small quantity of sugar,
or, under favourable circumstances, perhaps none at all, is converted
into alcohol and carbonic acid. With free access of air, yeast may
grow in solutions containing albuminoidal substances, but no sugar
whatever, or only milk-sugar (Pasteur, Bull. Soc. Chim. Paris, 1861, 79).

Thenard (Ann. Chim. 46, 294) fermented 100 pts. of sugar with 20

pts. of beer-yeast, and obtained 13*7 pts, of insoluble residue, which,
when brought in contact with a larger quantity of sugar, diminished

to 10 pts. The latter was white, resembled woody fibre, and was no

longer capable of exciting fermentation.

The quantity of yeast must bear a definite proportion to that of

the sugar ; if the sugar is in excess, part of it remains undecomposed
or merely undergoes a very slow after-fermentation, often going on
for years. If, after all the sugar is decomposed, the fermented liquid
remains in contact with the yeast, or with nitrogenous matter not

wholly converted into yeast, putrefaction may ensue.

Sugar-solutions containing a sufficient quantity of yeast, ferment

completely in two or three weeks, unless lactic acid fermentation

takes place. But an extremely protracted fermentation ensues when

yeast is mixed with excess of sugar. In this case, the yeast lives at

the expense of the soluble nitrogenous substances, and after these are

used up, the younger cells continue to grow at the expense of the older

(Pasteur).

During fermentation, part of the yeast is resolved into soluble

products (Thenard).' The yeast recovered from pure sugar-solutions
after fermentation is less rich in nitrogen than the original yeast,

partly because its weight has been increased by the addition of non-

azotised matter from the sugar, partly because a portion of its own

nitrogenous substance has passed into the solution. On the other

hand, it contains more woody fibre and fat than before fermentation ;

these substances have therefore been formed from the sugar. The

yeast formed in sugar-solutions mixed with ammonia-salts, yeast-ash,
and traces of yeast-cells, contains fat (Pasteur). Thenard (Ann. Chim. 46,

294) supposed that yeast might be obtained free from nitrogen by fermentation with

excess of sugar.

The nitrogen of yeast is not converted into ammonia during fer-

mentation ;
on the contrary, any ammonia that may be added dis-

appears wholly or partially (Pasteur). Dobereiner supposed that the nitrogen

of yeast was converted into ammonia during fermentation.



CANE-SUGAR. 271

When sugar is fermented with the water obtained by washing
beer-yeast (which has dissolved out the soluble constituents of the

yi'Mst), and with a trace of yeast-globules, scarcely half the original

quantity of ammonia is found in the yeast at the end of the fermenta-
tion. In other cases, scarcely any ammonia is found in the liquid after

fermentation. When tartrate of ammonia was added to the solution

before fermentation, the fermented liquid contained free tartaric acid,
and only -f

of the ammonia added (Pasteur).
When sugar-solutions are fermented with a very large excess of

yeast, the formation of alcohol and carbonic acid goes on, even after

all the sugar is decomposed, at the expense of the non-azotised
matter of the yeast, so that the amount of these two products
obtained is more than equivalent to that of the sugar.

The production of additional quantities of alcohol and carbonic
acid at the expense of the substance of the yeast does not take place

invariably when the small quantities of yeast absolutely required for

the fermentation are exceeded, not even when 40 pts. of moist yeast
(corresponding to 8 pts. of the dry substance) are added for every
100 pts. of sugar, but only when the yeast is in very large excess.

Sugar yields, with an equal weight of moist yeast, scarcely more car-

bonic acid than corresponds to its weight ; with 5 to 7 pts. moist

yeast, from j
l

-$
to -^ more, but with 23^- pts. dry yeast = (110 pts.

moist), it yields about three times as much. The weight of the
additional quantity of alcohol produced is likewise equivalent to that
of the carbonic acid. Very active yeast, kept under water, under-

goes a similar fermentation at the expense of its own substance,
before it passes, by long keeping, into the putrefactive state (Pasteur).

Yeast loses a considerable portion of its fermenting power by
pressure, and still more by washing with water (p. 267). After

thorough drying, its power of exciting fermentation is for the most
part destroyed. This statement is opposed to that of Cagniard de
Latour. It likewise becomes inactive when heated either alone or
with water. Dried yeast excites fermentation even after cooling by
solid carbonic acid. (Cag-niard de Latour.) Yeast crushed on the

grindstone no longer excites fermentation (Liidersdorff, Pogg. 67,

409), or only after a considerable time (Wagner); it then excites

lactous fermentation. (C. Schmidt.) Yeast altered by too long-con-
tinued putrefaction, is inactive ;

but if the putrefaction has been less

prolonged, it may be checked and converted into fermentation by
addition of sugar. (Schlossberger, Ann. Pharm. 51, 211.) The
fermentative power of yeast is destroyed by all substances which
exert a poisonous action on fungi, but not by such as kill animals.

(Schwarm; Mitscherlich, N. J. Pharm. 4, 218.) Yeast sprinkled with
alcohol, loses its fermentative power, which is not transferred to the
alcohol.

The action of yeast on sugar is prevented by too great concentra-
tion of the solution, whether due to alkaline chlorides, gelatin, gly-
cerin, or sugar. (Berthelot, N. Ann. Chim. Phys. 50, 352.) Strong-
mineral acids, added even in small quantity, prevent the fermentation,
phosphoric acid alone acting favourably. (Wagner, J. pr. Chem. 45,

241.) Sulphuric acid does not accelerate the fermentation of sugar
(Rose); sulphurous acid stops it. (Henry, Ann. Chim. 70, 290; Gay-
Lussac.) Water saturated with bisulphide of carbon dees not pre-
vent fermentation, at least not completely. (Berthelot.) Arsenious
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acid does not prevent fermentation. (Quevenne, Schlossberger.)

According- to Rousseau, vegetable acids are essential to fermentation ;

according* to Anthon, they are injurious. Small quantities of formic,

oxalic, or acetic acid, destroy the activity of ferment (Dobereiner) ;

acetic acid, and especially lactic acid, act favourably, according to

Mulder and Wagner, unfavourably according to Dumas and Anthon

(Dingl. 153, 303 ; 154, 223) ; tartar acts favourably with cane-sugar

according to Rose, injuriously with fruit-juices or grape-sugar, accord-

ing to Anthon. The juice of unripe gooseberries or currants mixed
with grape-sugar ferments more completely when neutralised with
carbonate of lime than in the sour state. (Anthon, Dingl. 153, 385).
The fermentation of sugar-solutions mixed with yeast goes on most

quickly when the liquid is kept neutral by addition of carbonate of

lime, the action not being necessarily accompanied by formation of

lactic acid. But such a liquid also promotes the development of

lactous ferment, so that a portion of the sugar is apt to be converted
into lactic acid. (Pasteur, N. Ann. Chim. Phys. 52, 415.) Fermenta-
tion is not prevented by the oxides of zinc, lead, and copper, the car-

bonates of baryta, magnesia, manganese, arid nickel, or even by
metallic iron or ferrous carbonate ; but soluble iron-salts partly prevent
fermentation, and ferric sulphate added to the amount of 30 p. c. of

the sugar, stops it entirely. A similar counteracting effect is produced
by peroxide of manganese, carbonate of copper, carbonate of lead, and
soluble lead-salts. (Berthelot.) Mercuric oxide destroys the fermen-
tative power of yeast. (Colin.) Fermentation is retarded by potash
or lime (Cruikshank), by soaps (Wagner), interrupted by a small

quantity of common salt. (Dobereiner.) Fermentation is not prevented,
or at least not completely, by bicarbonate of potash or carbonate of

soda, to the amount of 10 p. c. of the sugar (50 p. c. stops it com-

pletely), sulphate of soda or sulphite of lime ; it is not prevented by
hyposulphite, borate or phosphate of soda, or by tartar emetic (Mits-

cherlich), extract of nux vomica (Schwann, Ure), quinine or strychnine

(Wagner). Wine-must added to mustard-powder or oil of mustard does
not ferment in 8 months. (Fontenelle, J. Pharm. 9, 437.) Oil of tur-

pentine does not prevent the action of yeast upon sugar. (Berthelot.)
Yeast-cells sown in onion-juice expressed and mixed with sugar,
never develop themselves, unless the volatile oil is driven out by
boiling. (Pasteur, N. Ann. Chim. Phys. 52, 416.) On the influence of

various bodies on vinous fermentation, see also Leuchs Chem. Centr. 1861, 385).

p. Cane-sugar does not undergo vinous fermentation, till, under
the influence of a peculiar substance in the yeast, or of a substance

contained especially in the kernel of fruits, it has been resolved, with

assumption of water, into leevo- and dextro-glucose. (Dubrunfaut,
Berthelot, Buignet). In this re-action, the specific gravity of the cane-

sugar solution increases (Graham, Hoffmann & Redwood, Chem. Soc.

Qu. J. 231 ; Lieb. Kopp. Jahresber. 1852, 801).

Cane-sugar does not split up into alcohol and carbonic acid, till it

has taken up an atom of water (Dumas & Boullay, Ann. Chim. Phys.

37, 46). It is converted, previous to fermentation, into uncrystallisable

(Dubrunfaut, 1838), Isevo-rotatory sugar (Persoz, Compt. rend. 17, 755 ;

N. Ann. Chim. Phys. 18, 102), into grape-sugar (Rose, Pogg. 52, 293).
The spontaneous fermentation which sacchariferous vegetable juices

undergo on standing, produces inversion of the cane-sugar contained
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in them. (Biot, Compt. rend. 15, 528 ; Hochstetter, J. pr. Chem. 29, 29.)
The conversion of cane-sugar into uncrystallisable sugar is like-

wise produced by boiling with nitrogenous substances (Hochstetter).
Cane-sugar solution in contact with washed yeast does not ferment

for a month at 20 or even at 38, whereas grape-sugar ferments

completely under similar circumstances. It is not till a six- or eight-
fold quantity of yeast has been added, that slow fermentation takes

place, the larger quantity of yeast first converting the cane-sugar
into grape-sugar. If the fermenting cane-sugar solution is mixed
with a quantity of alcohol sufficient to stop the fermentation, and the
filtrate evaporated to a syrup, a non-crystallisable mass is obtained

resembling honey, and behaving with potash like grape-sugar (Rose).
Grape-sugar certainly ferments somewhat better arid more quickly
than cane-sugar, but without exhibiting the great differences men-
tioned by Rose. The same quantity of yeast suffices for both kinds
of sugar. (Pasteur, N. Ann. Chim. Phys. 58, 357.) The sugar pro-
duced from cane-sugar by the action of a ferment, cannot be obtained
in the crystalline state, and is different from grape-sugar, polarising less

strongly than granular sugar (Krumelzucker). This transformation of

cane-sugar is produced by a substance which is present in the yeast-
spherules and may be extracted by water. Consequently cane-sugar
ferments with washed yeast less quickly than with fresh yeast.

Ordinary unwashed yeast brings cane-sugar into fermentation as

quickly as grape-sugar (Mitscheiiich, Berl. A/cad. Her. 1841, 300 ; Pogg.
55, 222 ; Berz. Jahresber. 22, 482). According to a former view, which
Pasteur (N. Ann. Chim. Phys. 58, 357; Compt. rend. 50, 1083) still

endeavours to maintain, the inversion of the cane-sugar is produced by
the free acid of the fermenting liquid. This view is contradicted by
the experiments of Mitscherlich, as well as by those mentioned on

page 254, on the behaviour of cane-sugar with dilute acids at mean
temperatures, and by the following. Succinic acid mixed with a cane-

sugar solution to the amount of 0*38 p. c. does not produce inversion ;

but when yeast, which has been pressed, is suspended in 2 pts. of

water, the liquid filtered, after some hours produces transformation of

cane-sugar, even in an alkaline solution, but no fermentation or acidifi-

cation. When the same liquid is mixed with its own volume of

alcohol, white nitrogenous flocks are precipitated, which after being
washed with alcohol and dried, become yellow and horny, and are

capable of transforming from 50 to 100 pts. of cane-sugar. This
substance may be continually reproduced from washed yeast by again
leaving it in contact with water. (Berthelot, Compt. rend. 50, 980 ; Rep.
Chim. pure, 2, 272.) When added to fruit-juices, it likewise transforms
the cane-sugar into inverse sugar (Buignet, N. Ann. Chim. Phys. 61,

301). The nitrogenous matter of beet-juice also converts cane-sugar
into uncrystallisable sugar ; consequently solutions of raw sugar are
more easily decomposed by boiling than solutions of refined sugar. At
the same time, part of the nitrogenous matter becomes soluble arid no

longer precipitable by heat, lime, or tannic acid. (Hochstetter, J.pr.
Chem, 20, 29.)

The cane-sugar in the expressed juice of the peach quickly under-

goes this transformation on standing (even if the free acid has been

neutralised) ; but if the juice is mixed with an equal quantity of
alcohol and filtered from the resulting precipitate, the transformation
is scarcely perceptible even after two months. The acid juice of

VOL. xv. T



274 CARBO-HYDRATES C12HnO.

apricots may be kept for a while without much alteration ; but if it be
mixed with a small quantity of a solution obtained by extracting
crushed gooseberries with water and filtering, a considerable portion
of the cane-sugar in the apricot-juice undergoes transformation in

12 hours at ordinary temperatures. (Buignet.)
At the beginning of the fermentation, and even an hour afterwards,

a solution of cane-sugar still exhibits dextro-rotatory power which,
however, becomes Isevo-rotatory after boiling with acids. Hence the
transformation of the cane-sugar into inverse sugar takes place

during the fermentation, not before, and is not quite complete
even towards the end of the operation (Soubeirari, N, J. Pharm.

4, 347).

<y.
When a solution of cane-sugar which has been transformed by

acids, is fermented, the rotatory power of the fermenting liquid does
not diminish till

-J-
or f of the sugar is converted into alcohol, but

from this point a regular diminution of the laevo-rotatory power takes

place, proportionate to the quantity of sugar decomposed. The cause
of this alteration is, that during the first half of the fermentation
2 at. dextro-glucose disappear for every 1 at. laevo-rotatory fruit-

sugar, whereas during the second half of the fermentation, 2 at.

Isevo-glucose are decomposed for every 1 at. dextro-rotatory grape-
sugar. (Dubrunfaut, N. Ann. Chim. Phys. 21, 169 ; Compt. rend.

42, 904.) This behaviour of inverse sugar is designated by Dubrun-
faut as Fermentation alcoolique elective.

So, according to Dubrunfaut. According to Soubeiran (N. J. Pharm.

4, 347) the solution of inverse sugar continues to exhibit Isevo-rotatory

power during the whole of the fermentation, this power, however,
becoming weaker as the sugar is decomposed. More recently (N. J.

Pharm. 16, 259), Soubeiran describes the following experiment :

Cane-sugar completely inverted by oxalic acid and freed from that acid

by addition of marble, exhibited when dissolved in water, 18 of Isevo-

rotation for 35*1 p. c. of inverse sugar in the solution. In the course

of the fermentation, the Isevo-rotation rose to 25, at which point the
solution contained 21*3 p. c. inverse sugar, then sank to 10, when the

sugar was reduced to 11 '5 p. c. On Dubrunfaut's view, this and the

following statements are unintelligible. (Kr.) The colourless inactive

sugar obtained by heating cane-sugar with a little water to 160, does
not deflect the plane of polarisation at any time during its fermentation,
but during the fermentation of fruit-SUgar (inverse sugar is probably intended,
inasmuch as Mitscherlich was not acquainted with pure Isevo-rotatory fruit-sugar)

the rotatory power of the liquid decreases in proportion as the sugar
is decomposed, though it does not actually change from left to right.

(Mitscherlich, Berl. AJcad Ber. 1843 ; Pogg. 59, 94 ; N. J. Pharm.

4, 216). When dextro-glucose is mixed with inverse sugar, these

two kinds of sugar disappear during fermentation, simultaneously and
in equal proportion, so that the cessation of the fermentation does not

coincide with the disappearance of the inverse sugar. (Dubrunfaut).
In fermenting honey, the leevo-rotatory power increases at first, in

consequence of the inversion of the cane-sugar present ; afterwards

the fermentation proceeds like that of inverse sugar. But towards the

end of the process, dextro-rotation'appears again, so that the sugar,
which disappears at last, appears to" be a peculiar kind of dextro-rota-

tory sugar. (Dubrunfaut.)
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& In vinous fermentation, the greater part of the sugar is resolved

into alcohol and carbonic acid :

4CO2
,

a smaller portion, not exceeding 4 or 5 per cent., Being converted into

glycerin, succiriic acid, and carbonic acid. The yeast itself takes up a

portion of the elements of the sugar, varying from 1 to 1J per cent.

of the whole, according to its quantity, in the form of cellulose and fat

(Pasteur, N. Ann. Chim. Phys. 58, 330 ; Preliminary Notice, Compt. rend.

46, 179, and 857). On the formation of cellulose from sugar during fermentation,
see Terreil (Bull. Soc. Chim. Paris, 1861, 109), and Pasteur's remarks (Ibid. 111.)
For the formation of succinic acid and glycerin, Pasteur gives the

equation :

49C12H 12Q 1* + 60HO - 12C8H6 8 + 72C6H8O + 60CO2
.

Lavoisier found the sum of the weights of the carbonic acid and
alcohol nearly equal to the weight of the sugar employed. Gay-
Lussac (Ann. Chim. 95, 318) calculated therefrom that 100 pts. cane-

sugar should yield 51*34 pts. alcohol and 48'6G carbonic acid. Dumas
& Boullay (Ann. Chim. Phys. 37, 45) showed that cane-sugar must
take up an atom of water, before it can resolve itself into alcohol and
carbonic acid. The acid present in vinous fermentation was regarded by
Lavoisier and Thenard as acetic acid, by others as lactic acid. But
the formation of lactic acid takes place only when its peculiar ferment
is present, not during the fermentation excited by beer-yeast

(Pasteur). The occurrence of succinic acid was formerly observed in

the fermentation of honey, bread, and Siliqua dulcis, by Beissenhirtz

(Berl. Jahrb. 1818, 158), of pea-flour with casein, by Dessaignes ;
in

fermenting sugar-solution by Schmidt (Lieb. Kopp. Jahresber. 1847-8,

466); in the fermentation of sugar with madder-ferment by
Schunck (J. pr. Chem. 63, 222). But Pasteur first showed that

succinic acid is an essential and constant product of vinous fermenta-

tion, after Guerin-Vany (Ann. Chim. Phys. 60, 58) had pointed out

that, in the fermentation of cane-sugar, 3*6 per cent, of the sugar is

lost for the formation of alcohol and carbonic acid, because other pro-
ducts are likewise formed.

100 pts. of cane-sugar brought in contact with a quantity of

yeast, which would have weighed 1-2 pts. in the dry state, yielded
0'673 pts. succinic acid, and 3 '64 pts. glycerin. Part of the yeast was
converted into soluble (acid) substances ; but the weight of the

yeast
recovered from the fermented liquid was greater than that of the

yeast originally employed, because it had assimilated the elements of

the sugar. The soluble matter is a product of the decomposition of

the yeast, and is formed in greater abundance in proportion as a

larger quantity of yeast has been employed. The substance taken up
by the yeast amounts to between 1 and H per cent, of the sugar, if

the fermentation is set up by adding to the sugar-solution albu-

minous substances and only so much yeast as is required for regular
fermentation

; it is contained in the yeast chiefly as fat and cellulose,
and is produced in larger quantity when the sugar is in excess

(Pasteur).

Glycerin and succinic acid are produced by the yeast itself, not by
any peculiar ferment (such as the lactous acid ferment). Both these bodies,
as well as the carbonic acid, are products of the decomposition of the

T 2
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Sugar, not of the yeast [it should perhaps be : their formation is a result of the

vitality of the yeast, not of the decomposition of dying yeast (Kr.)]. They are

always produced, whatever may be the temperature of the fermenting
liquid, the atmospheric pressure, or the weight and variety of the sugar
employed, by old as well as by newly formed yeast, in acid as well as

in neutral liquids, but more abundantly in the latter ; in larger quantity
also when the fermentation is comparatively slow. Their absolute

quantity is variable ; but their weights are for the most part in

definite relation to one another (Pasteur).
When yeast is heated with solution of sugar to 100, just after the

fermentation has commenced, an abundant and continuous evolution

of carbonic acid takes place, according- to Quevenne (J. Pharm. 27, 603),
and at the same time there is formed from the sugar, not alcohol, but
a peculiar, uncrystallisable and non-fermentable substance. According
to Berthelot, the carbonic acid evolved on heating is merely that which
has been previously formed by the vinous fermentation, and the

amount of sugar decomposed does not exceed that which corresponds
to the carbonic acid. (N. Ann. Chim. Phys. 52, 362.)

Besides common alcohol, there are produced, during fermentation,
small quantities of other alcohols especially butylic alcohol (C

8H 10 2
),

amylic alcohol (C
10H12 2

),
and others, but no methylic alcohol. On the

formation of these bodies, see Maumene {Compt. rend. 45, 1021) ; Wurtz (N. Ann.
Chim. Phys. 42, 129.)

The carbonic acid which escapes in fermentation is not mixed with

any Other gas. (Thenard). Pasteur found 10 ,o 00 nitrogen, not proceeding
from the yeast. So likewise Berthelot (N. Ann. Chim. Phys. 52, 362). It is quite
free from hydrosulphuric acid. (Schlossberger, Ann. Pharm. 51, 203.)
The bubbles of carbonic acid are never evolved from the yeast-cells, but always from

particles of foreign bodies present in the liquid. (Pasteur.)

The gum, extractive matter and malic acid (Proust), the dextrin

(Ventzke, J. pr. Chem. 25, 81) contained in fermenting liquids, arc not
altered by the fermentation.

Lactous Fermentation. See x, 76, and xi, 473. In the preparation of

of lactic acid (xi, 475), the precipitate formed on the bottom and sides

of the vessel from the chalk and the decomposition-products of the

cheese is found, at the end of the fermentation, to be covered with a

small quantity of a grey substance, the lactous ferment. When this

substance is introduced into a cooled and clear-filtered decoction of

beer-yeast, together with from 15 to 20 pts. of water, chalk, and a

quantity of sugar equal to from -$ to J^- of the liquid, and this liquid
is kept at a temperature of 30 to 35 for some days, a brisk evolution

of carbonic acid and hydrogen takes place, the liquid becomes
turbid and deposits a precipitate, and the chalk dissolves in the form
of lactate of lime. The new (and already pure) lactous ferment

separated at this stage of the process, if introduced, together with

chalk, into sugar-water, produces within an hour, an incipient evolu-

tion of gas and conversion of the sugar into lactate of lime. (Pasteur,
1ST. Ann. Chim. Phys. 52, 404.)

As yeast is necessary to vinous fermentation, so likewise does
lactous fermentation require the presence of a peculiar substance, the
lactous ferment (Blondeau, Pasteur). This ferment, according to Blon-

deau, is the Penicillium cjlaucum. When lactous fermentation is set up
in suitable sugar-solutions merely left to themselves, it is because
certain bodies present in the air develop, in the liquid, into cells of
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lactous ferment, which then set up the fermentation. If, therefore,
the air is excluded, or if only heated air has access to the liquid, no
lactous fermentation will take place unless lactous ferment is added

(Pasteur).
Lactous ferment, viewed in the mass, resembles beer-yeast ; it is

grey, slightly glutinous, and appears, under the microscope, to con-

sist of very small spherules of -^ mm. diameter, some isolated, others

united in groups, and possessing molecular motion (Pasteur). The
cells of Penicillium glaucum have, at most, a diameter of -^^ mm. ; they
increase at first, like the cells of yeast, by formation of new round

cells, but afterwards by formation of elongated and many-branched
cells, which ultimately cover the surface like a white mould (Blondeau).

A small quantity of lactous ferment is capable of decomposing a

large quantity of sugar, provided the liquid is kept neutral by chalk,
otherwise its action on the sugar is retarded by the free acid. It

increases if nitrogenous matter, which may serve to nourish it, is like-

wise present. By desiccation or by boiling with water, its action is

weakened, but not altogether prevented. It acts best on sugar when
air is excluded, inasmuch as the action is then not interfered with,
either by the formation of mould or by infusoria. If no other ferment
is present, the lactous fermentation goes on regularly, and often more

quickly than vinous fermentation (Pasteur).
In solutions of cane-sugar containing phosphoric acid and ammo-

niacal salts, Penicillium glaucum can grow and convert all the sugar
into lactic acid (Pasteur, Compt. rend. 51, 298).

Previous to lactous fermentation, the liquid always becomes vis-

cous, in consequence of the development of Penicillium glaucum, whose
ramifications fill the liquid to such an extent that it does not run out
when the vessel is inverted. If this plant can develop itself in sugar-
solutions, lactous fermentation ensues whether the liquid is acid or

alkaline. If the liquid also contains albuminous substances, these

yield ammonia and carbonic acid for the development of the Penicillium,
and are partially converted into butyric acid, while part of the sugar
is transformed into mannite (Blondeau, N. J. Pharm. 12, 257).

The spontaneously developed fermentation of saccharine juices con-

taining nitrogen, is sometimes lactous, sometimesvinous, mostfrequently
both together. If yeast (as is generally the case) contains the cells of

Penicillium glaucum, as well as those of Torvula cerevisice, vinous fermen-
tation takes place first, then lactous fermentation, at the expense of still

unaltered sugar. (Blondeau.) When sugar-solutions are brought into

the state of lactous fermentation by cheese (or other nitrogenous sub-

stances) the lactic acid, formed after a while, prevents the further action

of the ferment, but after repeated addition of bicarbonate of soda

(Boutron & Fremy), or chalk (Pelouze & Gelis), the whole of the sugar is

converted into lactic acid. Slightly alkaline liquids are best adapted
for the development of lactous ferment, neutral liquids for the develop-
ment of yeast. (Pasteur.) The kind of fermentation, vinous or lactous,
excited in sugar-solutions by a nitrogenous substance depends upon
the stage of decomposition at which that substance has arrived.

(Boutron & Fremy.)
Sugar-solutions undergo lactous fermentation in contact with

various membranes, especially calf's rennet (Fremy, Compt. rend. 8,

96, and 9, 165 ; see also Gay-Lussac, Compt. rend. 9, 46), with diastase

altered by exposure to the air with the previously altered nitrogenous
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substance of beet-juice with decomposing animal bladder with

whey. (Boutron & Fremy, N. Ann. Chim. Phijs. 2, 256 ; Blondeau.)
When urine, mixed with sugar, is left to itself, Penicillium glaucum
becomes developed, and lactic acid is produced. (Blondeau.)

The soluble parts of glutin and casein, as well as the nitrogenous

liquid which remains aftervinous fermentation, are peculiarlywell adapted
for the development of lactous ferment ; consequently, when these

liquids are mixed with sugar and exposed to the air, ferment is formed
in them, even if yeast is added, the two ferments then exerting their

Specific actions side by side (Pasteur) ; see also Mucous Fermentation, p. 280.

The solution of sugar in whey becomes so viscid in a few days, as

not to run out when the vessel is inverted. Each drop of the liquid
then exhibits under the microscope a large number of individual cells,

and of intergrown shoots, which when developed rise to the surface

and there fructify, so that the liquid becomes covered with a layer of

mould. The mass which has then again become fluid, contains acetic,

lactic, or butyric acid, according to the species of plant which has

been developed in it. If carbonate of ammonia has been added to

the saccharine whey, no penicillium cells are formed in it, or only very
few.

A mixture of 4 pts. sugar, 2 pts. chalk, 3 pts. cheese, and 20 pts.

water exposed to a temperature between 20 and 25, gives off, within

the first 8 days, carbonic acid mixed with a very small quantity of

hydrogen. In open vessels, the surface becomes covered with a layer
of mould containing a large number of cells of Penicillium glaucum ; the

liquid becomes acid, viscous, and ropy, and the casein, in combination

with the chalk, falls to the bottom. In the further progress of the

fermentation, hydrogen is evolved as well as carbonic acid, the casein

is converted into butyric acid, the sugar either into lactic and acetic

acids, or into mannite. (Blondeau, N. J. Pharm. 12, 340.)
Also when the decoction of yeast, unmixed with cells of lactous

ferment, is set aside with sugar and chalk, lactous fermentation sets

in after contact with the air for a short time, generally, however,

accompanied by another kind of fermentation (Pasteur). See Mucous
Fermentation.

In liquids containing sugar, yeast-ash, and tartrate of ammonia

(p. 269), infusoria and cells of lactous ferment are produced in contact

with the air, even when small quantities of yeast are added. After a

few days, the infusoria disappear, while the lactous ferment increases,
and often remains as the only active ferment. When carbonate of

lime is added to sugar-water containing small quantities of ammonia-
salts and phosphates, and the liquid is exposed to the air, it begins,
after 24 hours, to show turbidity and give off gas ; the fermentation

which ensues in the following days causes the ammonia to disappear,
the carbonate of lime and the phosphates to dissolve, and produces
lactate of lime and lactous ferment, which latter is usually mixed with
infusoria (Pasteur, Compt. rend. 48, 337).

The fermentation observed by J. Gay-Lussac & Pelouze (Ann.
Chim. Pkys. 52, 411) in kept beet-juice, and by Fourcroy & Vauquelin
in kept onion-juice, appears to have been partly lactous, partly mucous
fermentation.

Sugar may be converted, by lactous fermentation, into lactic acid,

without yielding other products of decomposition (Boutron).

Sugar in the state of lactous fermentation may be converted into
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lactic acid, without yielding other products (Boutron & Fremy). The
alcohol, gum, and mannite, which are sometimes produced in lactous

fermentation, occur only when yeast or mucous ferment is mixed with
the lactous ferment. (Pasteur.) The butyric atfid is a product of the
further decomposition of the lactic acid (x, 76). Occasionally, sugar
yields, under the influence of animal membranes, an acid different

from lactic acid and forming a lime-salt soluble in alcohol. (Boutron
& Fremy. See also Berthelot, N. Ann. Chim. Phys. 50, 359.) Fremy assumed
that the sugar was transformed, first into mannite, then into lactic acid.

When inverse sugar, formed from cane-sugar by the action of

acids, is submitted to lactous fermentation, the laevo-rotatory power
of the liquid is increased by i and then remains constant without
further fermentation occurring. This increase of rotatory power,
compared with the quantity of lactic acid that is formed, proves
that only the dextro-glucosc has been converted into lactic acid,
while the leevo-glucose has remained unaltered (Dubrunfaut, N. Ann.
Chim. Phys. 21, 175). Dubrunfaut himself does not consider his

experiment conclusive ; according to other statements, including
those of Pasteur (Compt. rend. 51, 298), the whole of the sugar dis-

appears in the lactous fermentation.

The lactous fermentation of sugar may be replaced, under

apparently similar circumstances, by a conversion of the sugar into

acetic acid. 500 grins, sugar dissolved in a litre of water, and set

aside for a month, in contact with 300 grms. cheese, without access of

air, and at a temperature of 20, did not give off any gas, but formed
a thick crust of mould and a large quantity of acetic acid. This
transformation takes place under the influence of Tormla aceti.

(Blondeau, N. J. Pharm. 12, 336.)
The molasses left in the manufacture of beet-sugar, if rich in nitrates,

sometimes gives off nitrous acid during vinous fermentation, accord-

ing to Pasteur (Bull. Soc. Chim. Paris, 11 Mar. 1859 ; Kopp's Jahresber.

1859, 553), only when it undergoes vinous and lactous fermentation at

the same time. The nitrates are here reduced by the hydrogen
evolved in the formation of lactic (more correctly, of butyric) acid.

Aqueous sugar-solutions set aside for weeks or months at 40 or

a lower temperature in contact with chalk and cheese (glue or other

nitrogenous substances) undergo a fermentation different from the

vinous, and not depending on the presence of yeast. In this fermenta-

tion, both the nitrogenous substance and the sugar are destroyed, car-

bonic acid, nitrogen and hydrogen escape, and alcohol, lactate of lime
and butyrate of lime are produced (Berthelot, N. Ann. Chim. Phys.
50, 351).

Berthelot likewise designates this reaction as Fermentation alcooliqiie,
whereas Pasteur (N. Ann. Chim. Phys. 58, 324) regards it as lactous
fermentation. 10 grms. cane-sugar, 120 grms. water, 10 grms.
-chalk, and 2 grms. cheese, yielded at 40 in six weeks, 1-2 grm alcohol,

together with lactate of lime, ferment, and 3 grms. of unaltered sugar.
170 grms. cane-sugar, 2 litres of water, 200 grms. chalk and 200

grms. cheese, at a temperature near 0, yielded in five weeks, 10

grms. alcohol, together with lactate of lime and a small quantity of

butyrate. In this reaction, neither mannite nor fat was formed.
Yeast was not produced, if the process was conducted out of contact
with air, or in an atmosphere of carbonic acid ; nevertheless alcohol
was obtained even under these circumstances. Compare the correspond-
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ing experiments of Berthelot, under Glucose, Mannite, Dnlcite, Sorbite and Milk-

sugar.

C. Mucous Fermentation. This is another kind of fermentation

which cane-sugar undergoes, likewise under the influence of nitrogenous
substances and in contact with air, but under circumstances otherwise

not exactly known, giving rise to the escape of carbonic acid and

hydrogen, and the formation of mannitc, a peculiar gum and a

mucilaginous substance.

The mucous fermentation of sugar takes place (like vinous and
lactous fermentation) under the influence of a peculiar mucous ferment.

This ferment is composed of spherules from 0'0012 to 0*0014 mm.
diameter, and when introduced into sugar-solutions containing albumin
causes the sugar to be resolved into mannite, gum, and carbonic acid,

100 pts. cane-sugar yield, on the average, 51'09 pts. mannite and 45*5

pts. gum, corresponding to the equation :

25C12H 11On + 13HO = 12C12H 10O10 + 12C12H 14 12 + 12CO2
.

When a larger proportion of gum is obtained, the liquid is observed
to contain larger spherules, probably belonging to a peculiar mucous
ferment (Pasteur, Bull. Soc. Chim. Paris. 1861, 30).

Mucous fermentation requires access of air and likewise the

presence of nitrogenous matter ; but the latter is capable of exciting
1

mucous fermentation even after boiling. In this reaction, neither

acid nor alcohol is produced. (Hochstetter.) Mucous fermentation is

prevented by sulphuric acid, hydrochloric acid, or alum (Desfosses), by
free mineral acids (Hochstetter, J. pr. Chem. 29, 30).

Syrup of cane-sugar which had been poured at the boiling heat
into bottles in Martinique, the bottles being filled with it, underwent
mucous fermentation on being transported to France and poured out
into open vessels. (Peligot.) Fresh beet-juice becomes gummy by
contact with air, and then contains mannite, gum, lactic acid, and uri-

crystallisable sugar. These changes take place with greater facility
when fermenting beet-juice is added to the fresh juice, even when the

greater part of the nitrogenous matter has been removed by lime, and
whether the quantity of free alkali present is great or small. Alcoholic

fermentation-sometimes sets in, if the acid is neutralised (Hochstetter).
When carrot-juice is left to itself between 30 and 40, the cane-

sugar which it contains is converted into glucose, mannite, lactic acid,

and a gum isomeric with gum-arabic (Tilloy & Maclagan).
The expressed juice of mangold-wurzel begins to ferment in 3

ijr days,
and the fermentation is complete in 2^ days. From the solution,
clarified and evaporated to a syrup, alcohol of 80 p. c. precipitates 'a

glutinous mucus, and the filtrate yields crystals of mannite. If the

mucus be washed with alcohol, its aqueous solution precipitated with
basic acetate of lead, the washed precipitate decomposed under water

by hydrosulphuric acid, and the filtrate evaporated to dryness, a

transparent, slightly coloured gum is obtained, containing 40-89 p. c.

carbon, 6'10 hydrogen and 53'01 oxygen (Kircher, Ann. Pharm. 31,

337).
The juice of the sugar-cane contains a white non-azotised (?) sub-

stance, which becomes brown and moist in contact with the air, is soft

and difficult to dry, soluble in water, insoluble in alcohol and ether, and
is precipitated from its aqueous solution by oxide of lead, mercurous

salts, and alcohol. It converts sugar into a substance intermediate
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between starch and glutin, this substance being formed quickly and
somewhat abundantly in syrups, and rendering- them viscid, ductile,
juid uncrystallisable. If, therefore, the juice, after being treated with

lime, is left to stand for 48 hours, a jeEy is produced, from which alcohol
throws down a soft, white, nacreous precipitate, which dries up to a
nacreous mass, dissolves but sparingly in hot or cold water, even when
moist, but swells up in it to a transparent mass, and when treated with
nitric acid, yields nothing but oxalic acid. This mass is not coloured

by iodine, or converted into sugar by dilute acids, and does not give
off ammonia on dry distillation. It is found abundantly at the bottom
of the vats in which molasses is left to ferment for the preparation of
rum. (Plagne, J. Pharm. 26, 248.)

Lemonade containing sugar, volatile oil, citric acid, and condensed
carbonic acid, loses its fluidity and becomes gummy by long keeping,
especially in winter. If the gummy liquid be precipitated by alcohol, and
the precipitate, which is friable when dry, be washed with alcohol, there

remains, after drying at 100, a viscid, semi-transparent, horny mass,
while the alcohol takes up a brown, uncrystallisable sugar. This mass
recovers its former appearance, when cold water is poured upon it, and
forms with boiling water, a gum which is difficult to filter, is not coloured

by iodine, does not reduce potassio-cupric tartrate or precipitate basic
acetate of lead, and yields oxalic acid with nitric acid. This gum con-
tains 1'37 p. c. ash, and after deduction of this ash, it contains, on the

average, 43'56 p. c. C., 6'47 H., and 49'97 0., the lead-compound con-

tains55-80p. c. PbO., 19-31 C., 2-70 H., and 22-100. (Tilloy&Maclagan.)
When yeast is well washed with cold water, then boiled with water,

and -gV pt. sugar dissolved in the filtrate, the liquid, after a few days,
becomes turbid and tenacious, like decoction of linseed. At the same
time, a mixture of carbonic acid and carbonic oxide in varying propor-
tions is evolved. This fermentation lasts about 12 days, for a shorter
time between 20 and 25 ; it takes place also out of contact with air,

and is excited even by yeast which has been boiled out with water.

(Dcsfosses, J. Pharm. 15, 602 ; N. Trs. 21, 1, 159 ; Schw. 58, 98.) Under
similar circumstances, lactous fermentation may likewise take place
(comp. p. 277, 278). On Mucous Fermentation, see also Vauquelin (Ann. Chim.

Phys. 20, 93).

Water boiled with glutin produces in cane-sugar solution the same

change as decoction of yeast. In contact with sugar-solution for

24 hours at 25, it gives off a smaller quantity of gas than the^decoction.
of yeast, and renders the liquid gummy. The gaseous mixture con-
tains hydrogen in larger proportion to the carbonic acid than that which
is evolved by decoction of yeast. After the completion of the mucous
fermentation, the liquid is still very sweet, but so thick that it runs
out in threads when the vessel is inverted:; when evaporated, it leaves
a non-crystallisable residue, and on treating this with alcohol, a

sacchariferous gum remains undissolved. If the remainder of the

sugar be extracted from the gum by fermentation with yeast, there

arc obtained, for every 100 pts. of sugar decomposed by the mucous

fermentation, 109 '48 pts. of a pale yellow insipid gum, which yields

scarcely any mucic acid when treated with nitric acid, is less soluble

in water than gum-arabic, and yields a thicker mucilage than the

latter. (Desfosses.)
In the preparation of lactic acid by Bensch's process (xi. 475), there

is obtained, together with inannite, a considerable quantity of a gum,
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which, when the fermentation is complete, and the lactate of lime has
been removed, may be obtained in a state of purity from the mother-

liquor. This liquid is precipitated with sulphuric acid ; the gypsum is

removed ; the filtrate is mixed with alcohol ; and the precipitate is

purified by repeated solution in water containing hydrochloric acid,

and precipitation with alcohol. It contains 43*61 p. c. carbon, 6*25

hydrogen, and 50*14 oxygen, turns the plane of polarisation to the

right, reacts like arabic acid (p. 204) with cupric sulphate in alkaline

solution, but does not yield mucic acid with nitric acid. (Briining
Ann. Pharm. 104. 197.)

Combinations. With Water. Cane sugar dissolves in ^ of its weight
of water at mean temperatures, and in all proportions in boiling water.

From a solution containing 5 pts. sugar to 1 pt. water, f of the sugar
crystallises on cooling. (Henry, J. Pharm. 27, 8.) When 20 grms. of

cane-sugar are dissolved in 100 cub. centims. of water, the temperature
falls half a degree. (Dubrunfaut, Cornpt. rend. 23, 42.) When 0*56

kilog. cane-sugar is dissolved in 1*1 litre of water at 16*62, the tem-

perature falls to 15*5. (Pohl, J. pr. Chem. 82, 154.) A concentrated

solution, or syrup, of sugar is viscid, glutinous and ropy. On the expan-
sion of sugar- solutions when heated, see Gerlach (Kopp's Jahresber. 1859, 48). The

specific gravity of cane-sugar solutions of definite percentage has been determined by
Brandes & Reich (Br. Arch. 22, 70); Niemann (Ann. Pharm. 2, 343), Payen

(Dumas' Traite de Chimie appliquee, 6, 256; Gerhardt's Traite, 2, 516); Brix

(Dingl. 136, 214); Balling (Gdhrungschemie, Prag 1845, 1, 117, and Suppl. 81), and

Steinheil (Gehaltsprobe fur Biere, Mlinchen, 1847). The most important of these

tables, calculated by Pohl, are given in Wien. Akad. Ber. 11, 632 and Handworterbuch
der Chemie 7, 4.

Percentage of Cane-sugar in Aqueous Solutions of different densities.

(Extracted from the Tables of Balling and Brix).

Cane-sugar Sp. gr. Cane-sugar Sp. gr.

per cent. at 17 "5. per cent. at 17*5.

1 1*0040 50 1*2165

5 1*0200 55 1*2610

10 1 ;0404 60 1*2900

15 1*0614 65 1*3190

20 1*0832 70 1*3507

25 1*1059 75 1*3824

30 1*1295 80 1*4159

35 1*1540 85 1*4499

40 1*1794 90 1*4849

45 1'2057 95 1*5209

99 1*5504

When a solution of cane-sugar saturated at common temperatures
is mixed with an equal volume of oil of vitriol, a stormy reaction sets

in, heat is evolved, and the liquid froths up, giving off choking vapours
of formic acid. Left to itself, it soon solidifies to a black humus-like

mass, which, when mixed with 10 or 20 times its volume of water, gives
a very strongly fluorescent liquid ; the fluorescence is not destroyed

by boiling, but immediately by neutralisation with bases. The solution

contains an acid whose baryta-salt dries to a resinous mass (Simler,

Chem. Centr. 1862, 378).
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With Bases. Sucrate of Ammonia. 20 parts of pulverised sugar
gradually absorb 1 pt. of ammonia-gas and form a dense tenacious

mass, which smells of ammonia and gives it off on exposure to the air.

(Berzelius.)

Sucrate of Potash. An alcoholic solution of cane-sugar is precipi-
tated with strong potash-ley ; the semifluid precipitate is triturated

with fresh alcohol, which renders it compact, and dried in vacuo, or in

air free from carbonic acid. (Soubeiran.) White, friable translucent

mass, shining on the fractured surface, melting at 100 to a viscid

liquid, and having an alkaline, not sweet taste. (Brendecke.) According
to Brendecke, it contains 12-6 p. c. potash, and consists of C24H20 20

,KO
(C-

4H :1O21,KO = 12-41 p. c. KO). Soubeiran gives the same formula; Dubrunfaut

(Compt. rend. 32, 498) gives C^H^O^KO. It turns brownwhen heated
to 110, and swells up strongly when heated. It is completely decom-

posed by a stream of carbonic acid, partially by air containing carbonic
acid. When its aqueous solution is exposed to the electric current,
it gives off hydrogen at the negative pole, while an aqueous solution of

carbonate of potash is formed at the positive pole. (Becquerel, Ann.
Chim. Phys. 47, 5.) It is not decomposed by aqueous boracic acid at

mean temperatures. (Michaelis.) It is insoluble in pure alcohol, but
dissolves in alcohol containing sugar. (Brendecke.) A solution

of cane-sugar loses 13 per cent, of its rotatory power on addition of

1 at. potash, but no more when a larger quantity of potash is added ;

hence there is probably but one definite compound of cane-sugar and

potash. (Dubrunfaut, see also Michaelis, J. pr. Chem. 56, 411.)

Sucrate of Soda. Obtained like the potash-compound, and ex-

hibits similar reactions. (Brendecke, Becquerel, Dubrunfaut.) Con-
tains 7*38 p. c. soda (Soubeiran), 8*2 p. c. (Brendecke). According
to Soubeiran, it is C24H20 20

,NaO. (C
24H21O21,NaO = 8-52 p. c. NaO.)

Compound of Cane-sugar with Chloride of Sodium. On mixing the

solutions of 1 pt. common salt and 4 pts. sugar, and leaving the liquid
to evaporate, cane-sugar crystallises out first, and the mother-liquors,
on further evaporation, yield this compound. Small, sharp-edged
crystals having a sweet and saline taste, deliquescing in the air.

(Peligot, Ann. Chim. Phys. 67, 113.) In combination with common
salt, cane-sugar retains its rotatory power unaltered. (Biot, Compt.
rend. 15, 635.)

Belongs to the doubly oblique prismatic system, perhaps diclino-

hedral. The colourless crystals with rough, imperfectly reflecting
faces are formed (Jiff. 125, without y and g) from the two perpen-
dicular dodecaidal faces v and u whose edges are truncated by the

liexa'idal faces (back and front), and x (right and left). The 8-sided

prism thus formed is terminated above by a dihedral summit formed

by the right dodecaidal face k and the left h. x : z = 10331' calc., =
103 41' obs. ;

u : x = 136 15' calc., = 136 17' obs. \u-.z 147 16'

calc., = 147 35' obs.; v : x 116 14'; viz = 140 15'; k : x =
129 4' obs.

;
Js : h above = 101 52' calc., = 102 26' obs.; /,-:*= 98 2'

calc., = 97 55' obs. ; : u = 137 26' calc., = 137 7' obs.; k : v

behind = 73 2' calc. ;
h : z = 81 58' obs. ;

h : u = 62 34'; k : o

= 106 35' calc. (Weiss, Wien. Akad. Ber. 37, 376.)
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retains its rotatory power unaltered (Dubrunfaut). Carbonic acid

separates from the solution anhydrous carbonate of strontia (Pelouze).

Sucrate of Lime. Lime dissolves in sugar-water (with evolution

of heat, according to Peligot) in much larger quantity than in pure
water (Lowitz). The quantity of lime which an aqueous sugar-
solution is capable of taking up depends upon its density (Peligot,

Berthelot) and temperature (Dubrunfaut).
100 pts. cane-sugar dissolved in water dissolve 55*6 pts. lime

(Osann), 50 (lire), 49-6 (Daniell), 29 to 30*6 (Hunton), 23 pts. forming
-|-sucrate of lime (Soubeiran). The sugar-solution at 100 takes up

at. lime to 1 at. sugar; at 0, if it contains not less than 25 p. c.

sugar, it takes up 2 at. lime to 1 at. sugar. (Dubrunfaut.) On the

solubility of lime in sugar-solutions, Peligot formerly founded a mode of estimation of

sugar (Compt. rend. 22, 936).

When a solution of sugar is agitated with excess of lime, complete
saturation takes place but slowly, after repeated agitation, and only
when the quantity of lime present is at least twice as great as that
which the solution can take up. Solutions containing more than 30

p. c. sugar become gummy and then solidify ; those which exhibit a

density of 35 Bm. immediately form a sparingly soluble compound,
not separable from the excess of lime. With somewhat more dilute

solutions, monosucrate of lime is always formed, but this compound is

capable of taking up an additional quantity of lime greater in propor-
tion to the concentration of the solution. Sugar-solutions of 40 per
cent, take up 26*57 pts. lime to 100 pts. sugar; solutions of 20 per
cent, only 23*15 pts. and solutions of 5 per cent, only 18*06 pts.,
therefore more than 1*5 at. lime (exactly 1-62 at.) to 1 at. sugar, the
monobasic sucrate of lime formed in the first instance being partially
converted into bibasic sucrate. (Peligot.) Soubeiran supposes
the solutions to contain f-sucrate, Berthelot f-sucrate of lime

(3C
12HnOu,4CaO).
More dilute sugar-solutions containing not more than 2*4 p. c.

sugar, dissolve less lime ; moreover they dissolve a constant quantity
which (after deducting the lime which the water itself dissolves)
amounts to 12*6 pts. lime for 100 pts. sugar, corresponding apparently
to the formulae 3G 12HnOn,4CaO, requiring 10*91 p. c. lime. (Berthelot.)
See Peligot's Table of the solubility of lime in sugar-water (Compt. rend. 32, 335 ; N.
Ann. Chim.Phys. 54, 383); Berthelot's Table (N. Ann. CMm. Phys. 46, 176).

The aqueous solution of sucrate of lime tastes bitter and alkaline

but scarcely sweet. Its rotatory power is less than that of the sugar
contained in it by 13 p. c. if 1 at. lime, by 26 p. c. if 2 at. lime have
been added to 1 at. sugar (Dubrunfaut). On neutralising the solution
with an acid, it recovers its rotatory power, even if it has previously
been heated to 117*5, but not if it has been heated to 119. The
presence of ferric oxide in the solution has no influence on these
results. (Michaelis, J. >r. Chem. 56, 422). The solution solidifies

to a thick paste when heated, a large quantity of lime separating
in combination with a small quantity of sugar (terbasic sucrate

according to Peligot), and becomes clear again on cooling (Osann,
Gilb. 69, 292 ;

Kastn. Arch. 3, 204). Part of the lime then remains

dissolved, together with the greater part of the sugar (Osann), but the

quantity of the latter retained in solution depends on the pro-
portion of lime arid sugar originally present, amounting to

-f-
of the

original quantity, if the heated solution contained the monosucrate, and
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to half the original quantity if it contained the sesquibasic sucrate.

(Peligot.) Dilute solutions of sucrate of lime become turbid at 80,
concentrated solutions at 100 ; in highly concentrated solutions no

precipitate is formed (Dubrunfaut). When solutions containing ^ at.

lime to 2 at. sugar are boiled continuously, no decomposition of the

sugar takes place, not even such as would result from the boiling of

its aqueous solution. (Dubrunfaut.) When a cold-prepared solution

of sucrate of lime has been decomposed by carbonic acid, no altered

sugar can be detected in it by solution of copper ; even if it has been
boiled over the open fire for two hours, or till the boiling point has
risen to 120 and the mass thickens and begins to char, the unburnt

portion when treated with carbonic acid, still yields unaltered sugar.

(Hochstetter J. pr. Chem. 29, 26.) The decomposition of sugar-solu-
tions by boiling is retarded by the addition of chalk or of a small

quantity of sucrate of lime, and does not take place at all in the boiling
of saturated solutions of sucrate of lime. If however inverse sugar
has been previously formed, this sugar is quickly decomposed by
boiling (Soubeiran). When solutions of sucrate of lime are evapo-
rated there remains a colourless or pale yellow, translucent, viscid

mass, which becomes friable when quite dry.
The solution of sucrate of lime, which remains unaltered if kept

from contact with the air (p 261), deposits crystals of penta-hydrated
carbonate of lime when exposed to the action of carbonic acid (or to

the electric current, according to Becquerel, Ann. Chim. Phys. 47, 1),

without (in the first case) any alteration of the sugar. (Pelouze,

Brendecke.) Solutions of sucrate of lime become turbid on exposure
to the air, only when they are dilute. (Kuhlmann, Dubrunfaut.)
From the alcoholic solution, air containing carbonic acid throws down
anhydrous carbonate of lime. (Brendecke.) When carbonic acid is

passed into a solution of monosucrate of lime, the liquid does not become
turbid till the first third of the lime has been converted into carbonate ;

if the stream of carbonic acid be still kept up, the liquid solidifies to a

jelly, the second third of the lime being then converted into carbonate,
while the last third remains in solution as sucrate of lime, together
with traces of carbonate. (Dubrunfaut.) According to Brendecke, the

whole of the lime may be precipitated as carbonate. Lowitz (Crell. Ann. 1792,

1,346). Daniell (Ann. Chim. Phys. 10, 221^. Ramsey (Schw. 35, W6.Bibl.
univ. July, 1808). Franz Meyer (Repert. 7, 256). Brendecke (N. Br. Arch. 29,

75). Soubeiran (N. /. Pharm. 1, 469 ; J. pr. Chem. 26, 498 ; Ann. Pharm. 43, 223),
Dubrunfaut (Compt. rend. 32, 498). Peligot (Ann. Chim. Phys. 67, 113; Berz.

Jahresber. 19, 447), &c.

a. Terbasic Sucrate of Lime. Separates on heating the aqueous
solution of monosucrate of lime, or on heating a sugar-solution agitated
with excess of hydrate of lime and filtered, as an opaque mass resem-

bling coagulated white of egg, and is obtained by filtering the solution

at the boiling heat, washing with hot water and drying* at 110 in air

free from carbonic acid. It dissolves in more than 100 pts. of cold

water, the solution when heated depositing half the quantity dissolved.

It dissolves readily in sugar-water. (Peligot, N. Ann. Chim. Phys.

54, 379.)
Daniell. Peligot.

C^H^O 11 171 .... 67-06
3 CaO 84 .... 32-94 33'52 32-90

Ci2Hnon,3CaO 255 .. lOO'OO
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b. Bibasic. Syrup of cane-sugar is digested with excess of

hydrate of lime, the filtrate is precipitated with alcohol, and the pre-
cipitate is washed with alcohol and dried at 100. (Hunton, Phil. Mag.
[3], 11, 152; J. pr. Chem. 11, 409; Berz. Jahresber. 18, 321.)

Hunton.
C 12H"0U 171 .... 69-79
2CaO 56 .... 22-86 .... 22'65
2HO 18 .... 7-35

C 12HO11
,2(CaO,HO) 245 .... IOG'00

c. Sesquibasic. ? This compound is always formed when a solution

of sugar is boiled or set aside at common temperatures, with excess of

lime, and is obtained as a white amorphous gum by evaporating the
filtrate out of contact with carbonic acid. (Soubeiran.) Brendecke
moistens a mixture of equal parts of quicklime and cane-sugar with

J- pt. water, dissolves the resinous mass, which forms with rise of

temperature, in cold water, and precipitates with alcohol, which throws
down curdy flocks, or from concentrated solutions, tenacious clots.

These are washed with alcohol and dried over oil of vitriol. Sou-
beiran uses 2 pts. of quicklime to 13 pts. of sugar.

Transparent, brittle resin, or granular, white, friable mass. Has a
calcareous taste (Brendecke), nauseous (Soubeiran), and an alkaline

reaction. When very dry, it deflagrates quickly like gunpowder, on

being heated. (Brendecke.) It dissolves readily in cold water, sepa-
rating out when heated (doubtless as terbasic sucrate). It is insolu-

ble in strong and in weak alcohol (Brendecke), but dissolves in an
alcoholic solution of sugar. (Soubeiran.)

Soubeiran. Brendecke.

24 C
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converted into sesquibasic sucrate (Soubeiran), partially into bibasic

sucrate. (Peligot.) vid. sup.
Soubeiran. Peligot. Brendecke.

mean.

12 C
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flocks separate from it. (A. Vogel.) 2. Lead-oxide is digested with
solution of sugar in a closed vessel, as long' as sugar is taken up by it

(Berzelius, Mulder). 3. Aqueous neutral acetate of lead is mixed
with sugar-solution, ammonia is added, and the resulting gelatinous

precipitate is dissolved in boiling water. The solution left to itself in a
close vessel deposits nodules which may be dried in vacuo or over lime

(Peligot). 4. A solution of mono- or sesquibasic sucrate of lime is

added to aqueous neutral acetate of lead, as long as the precipitate,
which at first redissolves on agitation, continues to increase.

(Soubeiran). 5. Sesquibasic sucrate of lime is added to solution of

neutral acetate of lead till the precipitate no longer disappears after

forming, and the liquid is precipitated with alcohol (Soubeiran).
Crystalline needles or nodules, or white tasteless powder. When

heated, it burns like tinder and leaves globules of lead. Insoluble in

water whether cold or boiling, easily soluble in acids and in solution of

acetate of lead. If precipitated from sugar-solutions by neutral
acetate of lead and ammonia, it does not change colour when heated

(Schmidt, Dissert, uber Traulenzudcer, Gutting. 1861).

Peligot. Mulder.
at 100. at 100. at 159*.

12 C
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consequence of the admixture of glucic and apoglucic acid (Buignet,
AT. Ann. Chim. Phys. 61, 233).

"

, -^
Hydrated oxide of lead is dissolved by the sucrates of potash, soda,

baryta and lime (Hunton).

Cane-sugar with Iron. Ferrous oxide does not dissolve in sugar-
water (Peschier), not even when recently precipitated (Gladstone).

Sugar-water has no action on ferric hydrate (Gladstone) ; it dissolves

a small quantity of ferric oxide, precipitable by sulphide of ammonium,
but not by ammonia, or by ferrocyanide of potassium (Peschier) ; it

reduces ferric oxide to a slight extent when boiled with it. (Kuhlmann,
Compt. rend. 49, 257.) Pieces of iron, in contact with air, and with
solution of sugar (especially if it contains salts) are rapidly corroded,
while the portions wholly immersed in the liquid remain unaltered.

The red-brown, solution formed after 18 months' standing, leaves,
when evaporated over the water-bath, a tasteless, insoluble residue

corresponding to the formula FeO,C
12HuOn ; it is insoluble in alcohol,

is precipitated by sulphide of ammonium, but not by the pure alkalis

or their carbonates (Gladstone, Inst. 1854, 35 ; Lieb. Kopp. Jahresber.

1853, 537. Chem. Soc. Qu.J. 7, 195; Lieb. Kopp. Jahresber. 1854, 619).
In a solution of sugar mixed with ferrous or ferric salts, potash-

ley produces a precipitate which dissolves in excess of potash, forming
a liquid which is either red-brown at first, or (in the case of ferrous

salts) becomes so by contact with air (Lassaigne, Rose). Aqueous
solution of sucrate of lime (potash, baryta, or strontia) dissolves

sesquioxide of iron, converting it into protoxide. The residue left after

evaporation and drying at 100, contains 18 p. c. CaO, and 11*7 FeO,

corresponding to the formula C 12H11 11
,2CaO,FeO,3HO (calc. 19-3 p. c.

CaO 12-4 FeO). The solution left in contact with the air, soon deposits

crystals of carbonate of lime and ferrous carbonate : it is precipitated

by alkaline succinates and benzoates, but not by pure alkalis or by
ferrocyanide of potassium (Hunton).

Cane-sugar with Cupric oxide. (See page 263.) Sugar-solution dis-

solves perceptible quantities of copper when left in contact with it for

some weeks in hot weather. (Gladstone.) It does not dissolve cupric

hydrate, except in presence of alkalis or alkaline earths. Cupric car-

bonate is abundantly dissolved by aqueous solution of sugar, the

resulting green solution being precipitated by ferrocyanide of potas-
sium and sulphide of ammonium, but not by alkaline carbonates.

(Peschier, J. Pharm. 3, 510 ; Repert. 6, 85.) A mixture of the concen-
trated solutions of cane-sugar and cupric sulphate, deposits, after

standing for some time, a bluish white precipitate containing 1 at.

sugar (therefore probably C 12HnOn) to 1 at. CuO,S0
3 and 4 at. water.

This compound decomposes when its solution is heated with separation
of cuprous oxide and metallic copper. When gradually heated alone,
it gives off water and forms a humous substance. (Barreswil, N. J.

Pharm. 7, 29 ; J. pr. Chem. 35, 253.)
Sucrate of potash, sucrate of baryta, and monosucrate of lime, do

not of themselves dissolve cupric hydrate, but on adding more sugar
the cupric hydrate dissolves immediately, forming a deep blue liquid.

(Peligot.) Recently precipitated cupric hydrate dissolves abundantly
in sugar-solutions mixed with potash, soda or lime, sparingly in such as

contain baryta or strontia. (Becquerel, Ann. Chim. Phys. 47, 7.)



CARAMELANE. 291

When cupric hydrate in excess is mixed with sugar-solution and a
small quantity of potash, the filtrate, which has a fine blue colour,

leaves, on evaporation in vacuo, a transparent turpentine -like mass,
containing 7'73 p. c. CuO, 8-83 KO, and 83 '44 sugar and water.

(Lassaigne, J. Chim. me'd. 18, 820; Berz. Jahresber. 23, 280.) Aqueous
bibasic sucrate of lime dissolves cupric hydrate, forming a blue liquid,

which, when evaporated in vacuo, leaves a crystalline mass, permanent
in the air, and containing, after drying at 100, 16 '3 p. c. lime and
22-3 CuO, therefore C 12H11 11

,2CaO,2CuO,3HO (calc. 16-7 CaO and 23-9

CuO). its solution heated to 70, deposits blue flocks which redissolve

completely on cooling. A similar effect takes place when the solution

is boiled in an open, shallow vessel ; but it decomposes, with separa-
tion of cuprous oxide, when heated once or twice in a test-tube, or

after addition of sugar. (Hunton, J. pr. Chem. 11, 409.)

Cane-sugar solution does not attack metallic mercury, or metallic

silver. (Gladstone.)

Cane-sugar dissolves in 80 pts. of boiling absolute alcohol, and

separates out again almost completely on cooling (Pfaff) ; it dissolves

in 4 pts. boiling alcohol of sp. gr. about 0'83, the greater part sepa-

rating on cooling ( Wenzel) ; in still weaker alcohol, sugar dissolves

more abundantly, but not to so large an amount as in water. Cane-

sugar is precipitated in the crystalline form from its alcoholic solution

by ether. (Dobereiner, Ann. Pharm 14, 249.)

Aqueous cane-sugar dissolves uric acid, which separates again on
addition of hydrochloric acid. (Vasiner, N. Br. Arch. 24, 144.)

Appendix to Cane-sugar.

1. Caramelane.

GELIS. N. Ann. Chim. Phys. 52, 360 ; abstr. Compt. rend. 45, 590 ;

N. J. Pharm. 32, 424
; Chem. Centr. 1858, 163 ; N. Br. Arch. 95, 68 ;

Kopp's Jahresber. 1857, 497.

See p. 248. The first product of the decomposition of cane-sugar by heat, and

almost the sole constituent of the residue, if the loss does not exceed 10 per cent. The
chief constituent of ordinary caramel.

To prepare it, caramel is immersed in alcohol of 84 per cent., which
dissolves caramelane, unaltered sugar, and traces of caramelene, leaving
caramalene and caramelin undissolved ;

the solution is evaporated ; the

unaltered sugar is decomposed by fermentation with yeast ; the liquid

is filtered and evaporated to dryness; the residue is treated with

alcohol, which leaves caramelene undissolved; and the solution is

evaporated.
Brown, inodorous, very bitter mass. Hard and brittle at mean

temperature, semi-fluid at 100.

u 2
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.

brown flocks by acids. 7. When /3-caramelin is heated to 110, or

left in the moist state for several days, it is converted into <v-caranieKn.

(Gelis.)

a-Caramelin. Known only in aqueous solution and in combination
with baryta.

Barium-compound of a-Caramelin. Precipitated from aqueous cara-
melin by chloride of barium.

96 C
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4. Nitrosaccharose.

SCHONBEIN. Fogg. 70, 100; abstr. Pharm. Centr. 1847, 505.
L. THOMPSON.

'

J. Chim. med. 24, 433. Pharm. J. Trans. 8, 465;
N. J. Pharm. 15, 103 ; J. Chim. med. 25, 69.

II. REINSCH. Jahrb. pr. Pharm. 18, 102 ; Pharm. Centr. 1849, 506.
A. & W. KNOP. J. pr. Chem. 56, 334.

Nitrozucfcer, Nitrorohrzucker, Knallrohrzucker.

Formation. By the action of fuming nitric acid (Sobrero, Compt.
rend. 24, 247), of nitrosulphuric acid (Schonbein, Reinsch), on cane-

sugar (p. 258).

Preparation. 1. One pt. pulverised cane-sugar is added to a mix-
ture of 2 pts. oil of vitriol and 1 pt. mono-hydrated nitric acid, in

which it at first remains suspended as a thin transparent pulp, then, if

the liquid is continually stirred, cakes after a few minutes into a tena-

cious lump. This is washed with cold water, and kneaded in warm
water till it no longer reddens litmus. (Schonbein.) 2. One pt. pul-
verised cane-sugar is stirred up with a mixture of 16 pts. oil of vitriol

and 6 pts. nitric acid of sp. gr. 1'5 cooled to 15 ; the pasty mass,
which separates after a few seconds, is washed with cold water, dis-

solved in alcohol, precipitated from the solution with excess of carbo-

nate of potash, and purified by solution in ether and evaporation.

(Thomson.) Thomson also uses 3 pts. oil of vitriol and 1 pt. nitric

acid to 1 pt. sugar, allows the mixture to act upon the sugar for

4 minutes, then washes it, and boils for a few minutes with strong
potash-ley. Reinsch leaves the sugar for four hours in the cooled

mixture of 3 vol. oil of vitriol and 2 vol. nitric acid of sp. gr. 1-52

(under which circumstances however it may take fire ; p. 258), washes and dries

it without application of heat.

Properties. White or transparent colourless resin, friable in the

cold, but at mean temperatures, soft, glutinous, and capable of being
drawn out into threads, having a silky lustre (Schonbein). Melts at

about 30 (Reinsch). Inodorous. Tastes bitter. Neutral. Contains

about 27 p. c. carbon, and 3 p. c. hydrogen, and is therefore

C 12H9X2 U
(Sobrero; calculated 27-6 0. and 3'4 H).

Decompositions. 1. Heated in an open vessel, it gives off aqueous
vapour, then froths up and gives off hyponitric acid vapour, takes fire

suddenly, and burns away leaving but little residue (Schonbein).
Reinsch's nitrosaccharose explodes on red-hot platinum foil or under
the hammer, deflagrates when touched with a glowing splinter, and,
when heated in a porcelain crucible, melts, gives off red vapours and
volatilises without explosion. 2. Nitrosaccharose dissolves gradually
in boiling water, the solution turning brown when evaporated, and

leaving a bitter residue which is soluble in cold water, and when heated,
first swells up and then detonates (Schonbein). Nitrosaccharose kept
under water in summer becomes soft, kneadablc and glutinous, and after

exposure to the air in the moist state, gives out when pressed, a liquid

containing a considerable quantity of free nitric acid, without evolution
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of nitrous vapours (Knop). 3. When gently heated with oil of

vitriol, it dissolves, without colouring, but with an odour of nitric

acid ; from the bitter solution, which decolorises indigo, water separates
nitric oxide gas, but does not form any precipitate even on addition of

potash. At a higher temperature, the solution of nitrosaccharose in

oil of vitriol gives off red vapours (Schonbein). 4. Nitric acid of

sp. gr. 1*5 dissolves nitrosaccharose at 24 in all proportions, and the

solution, which is precipitable by water, gives off hyponitric acid when
heated, losing at the same time its bitter taste, and being then no

longer precipitable by water (Schonbein). 5. When a solution of

nitrosaccharose in ether-alcohol is boiled for several hours with an

aqueous solution of bisulphite of ammonia completely saturated with

sulphurous acid, the nitrosaccharose is completely decomposed, yielding
carbonic acid, water, nitrous acid, and probably ammonia (Knop).
6. Potash-ley does not attack nitrosaccharose in the cold, but dissolves

it with brown-red colour at a moderate heat. The solution is nearly
decolorised by acids, and leaves a detonating residue when evaporated.
See also Thompson's method of preparing nitrosaccharose (p. 294). Nitrosaccharose

heated with sticks of potash, froths up, blackens, and then takes fire

(Schonbein). 7. A mixture of the ether-alcoholic solution of nitro-

saccharose with excess of ammoniacal cuprous chloride gives off a small

quantity of gas when left to stand in sunshine, and decomposes when
heated, like that with sulphite of ammonia above-mentioned (Knop).

Nitrosaccharose is insoluble in cold ivater, but melts to an oil in

boiling water, and slowly dissolves. On cooling, the dissolved part

separates out (Schonbein, Reinsch). The solution gives the reactions

of nitrites (Schonbein).
It dissolves freely in alcohol, ether, and fixed oils. The alcoholic

solution, when left to evaporate (or cooled), deposits crystals, according
to Keinsch ; none, according to Vohl {Ann. Pharm. 70, 360) ;

a mass

resembling turpentine, according to Schonbein and Thompson. The
ether-alcoholic solution in certain proportions forms two non-miscible

liquids (Knop).

Melitose.

C*H22 22 or (PHW1
.

J. JOHNSTON. Mem. Chem. Soc. 1, 159 ; Phil. Mag. J. 23, 14 ; J. pr.
Chem. 29, 485.

BERTHELOT. N. Ann. Chim. Phys. 46, 66 ; Compt. rend. 41, 392 ; J. pr.
Chem. 67, 230; Chem. Centr. 1855, 699. Chim. Organ. Paris, 1860,

2, 260.

First recognised as a distinct substance by Johnston
;
further examined by Berthelot.

Occurs in manna from Van Dieman's Land, where the manna falls in

opaque drops from various species of Eucalyptus.

Preparation. Crystallises by evaporation from the aqueous solu-

tion of manna, and separates abundantly on cooling from the hot
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saturated alcoholic solution (Johnston). Bcrthelot purifies the

aqueous solution with animal charcoal.

Properties. Hydrated mclitose is obtained from the alcoholic solu-

tion in beautiful white, small, but well developed, crystals (Johnston);
from water in thin microscopic interlaced needles (Berthelot). Tastes
rather sweet. Dextro-rotatory power [a],/

= 102 for C 18H"011
,
= 88

for C 12IIn ll
,3HO (Berthelot). At 100 it gives off 2 at. and at 130

another 1 at. water, emitting at the same time a peculiar odour, and,

being converted into anhydrous melitose, a pale yellow mass resembling

barley-sugar (Berthelot). Melitose, C24H28 28
, crystallised from alcohol

melts when quickly heated from 94 to 100, giving off 11-23 p. c.

= 5 at. water (by calculation 11 '3 6 p. c.) ; when slowly heated to

82 it yields in three hours 15'88 p. c. = 7 at. water (by calculation

15'9 p. c.), without melting. Melitose fused at 100 scarcely decreases
in weight at this temperature, and does not give up its 7 at. water

completely till it is heated to 115 121, turning brown at the same

time, from incipient decomposition, before the whole of the water is

given off. If the 7 at. water are given off at a temperature not

exceeding 93, the anhydrous melitose remains in the form of a dry
powder which begins to melt at 138, and may be kept for several

hours at 149 without turning brown or giving off water. It then
absorbs moisture greedily from the air, and is converted into a syrup
which gradually hardens to a colourless crystalline mass of the same

weight as the crystallised melitose (Johnston).

24 C
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100 with hydrate of baryta and a small quantity of water, or by
boiling" with potassio-cupric tartrate. (Berthelot.)

Melitose dissolves in water to about the same amount as mannite.
The concentrated solution is not precipitated by alcohol. It forms a
brownish precipitate with baryta-water, white with ammoniacal sugar of
lead. (Johnston.) When melitose moistened withwater is heated to 149
with oxide of lead, it gives off only 2 at. more water than when heated

by itself, and is not further decomposed. The mass absorbs water

greedily on cooling. When boiled with water, it yields a filtrate

containing melitose, but no lead. (Johnston.) It dissolves in boiling
alcohol more abundantly than mannite.

Appendix to Melitose.

Eucalin.

BERTHELOT. N. Ann. Chim. Phys. 46, 72 ; Chim. organ. Paris 1860,

2, 250.

Formation. See 297. The liquid which remains after the com-

plete fermentation of melitose is mixed with 4 or 5 vol. alcohol, and
the filtrate is evaporated.

Slightly sweet syrup which retains 2 at. water in vacuo, and gives
it up at 100. Dextro-rotatory power about [a~|J

= 63.

12 C
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Discovered in the manna of Brian^on, and recognised as a peculiar
substance by Bonastrc ; investigated by Berthelot. The manna of

Briaii9on forms on young larches (Pinus Larix), also and more abun-

dantly on the young twigs of old trees in hot dry summers. (Chancel,
J. Pkarm. 8, 355.) Respecting other exudates from various species of Pinus, see

Mannite.

The extract of Brian^on manna prepared with boiling alcohol de-

posits melezitose after being evaporated to a syrup, and left to stand
for several weeks ; the product may be purified by recrystallisation
from boiling alcohol. (Berthelot.)

Properties. Veiy small, short, hard, shining crystals, resembling
those of cane-sugar under the microscope, white and mealy when seen
in mass ; effloresces readily when exposed to the air, and gives off

4 p. c. of water when heated. Melts below 140 without further

alteration, and solidifies to a glass on cooling. About as sweet as

glucose. Dextro-rotatory power [a]; = 94-1 for C 12Hn 11
. (Berthelot.)

12 C
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Preparation. When pulverised trehala manna is treated with boil-

ing alcohol, trehalose sometimes crystallises from the extract on

cooling, sometimes not till after dilution and several days' repose. It

is purified by washing with cold alcohol, boiling with small quantities
of alcohol, and repeated crystallisation from boiling alcohol with help
of animal charcoal.

Properties. Hard shining crystals, which grate between the teeth.

They belong to the right prismatic system (Fig. 73). Rhombic prism
u, whose obtuse angle = 111 15' to 111 46'; bevelled above by the
horizontal prism i. Inclination of i:i above = 115 41' to 116 11'

(Berthelot). Not quite so sweet as cane-sugar. Air-dried trehalose

heated to 97 loses 9 '7 p. c. water, and at 160 neither gives off any
more water nor melts (calculation for C 12HU U,2HO = 9'5 p. c. HO).
When rapidly heated to 100, it melts to a colourless glass which
solidifies like cane-sugar on cooling. Dextro-rotatory power,
[a]j = 220 for C 12HnOu

,
= 199 for C 12H11 U

;2HO : scarcely altered

by heat, and nearly as great in the recently prepared solution as in

one which has been kept for 24 hours.

12 C
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Mycose.

Or CUH11 11
.

WIGGERS (1833). Ann. Pharm. 1, 129 ; Scliw. 64, 170.

MITSCHERLICH. Berl. Akad. Ber. 1857, 469 ; J. pr. Chem. 73, 65 ;

abstr. Ann. Pharm. 106, 15 ; Chem. Centr. 1858, 93 ; N. Ann. Chim.

Phys. 53, 232 ; Chem. Gaz. 1858, 123 ; N. Cimento, 7, 272 ; Kopp's
Jahresber. 1857, 501.

Ergot- sugar, MutterkornzucJcer. Discovered by Wiggers, investigated by Mitscher-
lich. Liebig & Pelouze (Ann. Pharm. 19, 285) regarded mycose as identical with
mannite. It is perhaps identical with Berthelot's trehalose (p. 299). The mushroom-
sugar (Sucre des Champignons, Schwammzucker) , discovered by Braconnot, which,
according to him, is found in Agaricus piperatus and A. volvacius, Boletus juqlandis,
Peziza nigra, Merulius Cantharellus, Phallus impudicus, and abundantly in Hydnum
repandum and H. hybridum, is fermentable, crystallises easily in four-sided prisms, and
is less sweet than cane-sugar. It has generally been regarded as mannite, since Liebig
& Pelouze (Ann. Pharm. 19, 283), Knop & Schnedermann (Ann. Pharm. 49, 243), and

Bolley (Ann. Pharm. 86, 44) demonstrated the general diffusion of mannite in fungi.

As, however, Braconnot distinctly states that his mushroom -sugar is fermentable, and,
on the other hand, Mitscherlich once found mannite in ergot of rye (another time he
found neither mannite nor mycose), it is possible that a peculiar sugar may sometimes
be present in fungi. On the other hand, Vauquelin's sugar from Agaricus theogalus
and A. campestris (Ann. Chim. 85, 5; Schw. 12, 253), Schrader's sugar from Hel-
vetia mitra (Schw. 33, 393), and Riltz'sftmffus-suffar (Pilz-zucker} from the husk of

Lycoperdon cervinum, which, in the third edition of this Handbook, was regarded as

mushroom- sugar, may with great probability be regarded as identical with mannite.
Braconnot's Mucoso-sucre (Ann. Chim. 80, 273) from Boletus pseudo-igniarius does
not appear to be a distinct substance (Kr).

Occurrence. In ergot of rye (Wiggers). Sometimes crystallises
from the officinal extract (Kloboch, N. Br. Arch. 75, 135 j 80, 13).

Preparation. The aqueous extract of pulverised ergot of rye is pre-
cipitated with basic acetate of lead ; the excess of lead is removed from
the filtrate by sulphuretted hydrogen ; the filtered liquid is evaporated
to a syrup ; and the crystals which separate after a while are purified

by washing with alcohol and recrystallisation from water (Mitscherlich).
2 kil. yielded 2 grm. mycose.

Properties. Hydrated mycose forms colourless transparent crystals of
the right prismatic system, which separate from water with curved
faces, from weak alcohol with plane highly lustrous faces. The
dominant form is a rhombic prism (Fig. 73) of 110 6' having its acute
lateral edges bevelled by a rhombic prism which would form an angle of
108 50' at the truncated edge ; faces t and m subordinate. The
prism is bevelled by the horizontal prism i

; i\ i above = 160 32';
faces of the octahedron arid the horizontal prism y subordinate

(Mitscherlich).
Tastes sweet. Inodorous. Neutral. Dextro-rotatory power for

C 12ETOn,2HO, [a]./
= 173 2' (Mitscherlich). Such is the value of [a], cal-

culated according to Mitscherlich's statement, that 10'03 grms. of crystallised mycose
produce a deflection of 34'75 ; from Mitscherlich's second statement (in the Memoir
above referred to), that mycose deflects -rs^ times as strongly as cane-sugar, the value
of [a] should be 192*5", therefore1 nearly as great as for trehalose (p. 299).
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Mycose melts at 100 to a transparent mass, which on cooling
solidifies first in the vitreous, afterwards in the crystalline form.
Heated to 130, it gives off 9-62 p. c. water (2 at. = 9'53 p. c.), and
is converted into anhydrous mycose, which melts at 210 without
further loss. (Mitscherlich.)

12C .
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Preparation. 1. Tincture of woad-leavcs, prepared with cold alco-

hol, is evaporated in a current of air ; the residue is mixed with cold,

very dilute sulphuric acid, and the fat which falls to the bottom is

immediately separated by filtration. The filtrate serves instead of the

aqueous solution of indican mixed with acids. The decomposition,
which begins in the cold, is kept up by gentle heating, whereupon the

solution becomes turbid, and a mixture of six insoluble substances

separates (see Indican) ;
the liquid is then filtered, the residue washed

with cold water, and decomposed in the manner described under
Indican. The filtrate, freed from sulphuric acid by carbonate of lead,

and from lead by sulphuric acid, evaporated to a syrup in a stream of

air, dissolved in alcohol, and mixed with a large quantity of ether,

deposits leucine in crystals, and indiglucin as a syrup. The latter,

after the removal of the crystals, is dissolved in water, the solution

mixed with acetate of lead, the scanty precipitate removed, and the

yellow lead-compound of indiglucin is precipitated from the filtrate by
aqueous ammonia. The lead-salt decomposed by hydrosulphuric
acid under water, treated with animal charcoal till a sample gives a

white precipitate with ammoniacal sugar of lead, yields a solution

from which, by evaporation, solution of the residue in alcohol, and
addition of ether, the indiglucin is precipitated in the form of a syrup,
2. In the preparation of indicanin from indican, by mixing the latter

with baryta-water and leaving it at rest, then removing the baryta,

evaporating the filtrate in a current of air, dissolving the residue in

alcohol, and precipitating by ether, indiglucin is separated as a syrup.
This syrup is dissolved in alcohol, mixed with excess of alcoholic

sugar of lead, the brown precipitate removed, and the solution preci-

pitated with ammonia. The lead-compound of indiglucin is purified
and decomposed as in method 1.

Colourless or light-yellow syrup having a slightly sweet taste.

Decompositions. 1. Swells up when heated and gives off an odour
of caramel. 2. With boiling nitric acid, it forms oxalic acid. 3. With
oil of vitriol, it becomes carbonised. 4. When boiled with soda-ley, it

turns yellow and separates brown flocks. 5. From an alkaline cupric
solution it reduces cuprous oxide ; from an aqueous and still more from
an ammoniacal solution of nitrate of silver, it reduces metallic silver ;

similarly with terchloride of gold. 6. It is not fermentable, but turns

acid by prolonged contact with yeast.

Aqueous indiglucin dissolves hydrate of lime, and the solution on

boiling deposits copious yellow flakes which dissolve on cooling and
are precipitated by alcohol. From a mixture of indiglucin with

baryta-water, alcohol throws down yellow flakes.

Lead-compound. Aqueous indiglucin is precipitated by neutral or

basic acetate of lead, only after addition of ammonia.

12 C . ..
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b. Prepared with baryta-water ; in this product the composition of the organic
substance after deduction of the lead-oxide, corresponds to the formula C12H9 U

.

(Schunck.)

Indiglucin dissolves in alcohol and is precipitated by ether.

Carlo-hydrates C 12H12 12
.

Dextro-glucose.

C 12H12 12
.
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1857, 441 ; in detail : N. Ann. Chim. Phys. 54, 74. Fermentation
with Chalk and Cheese : Compt. rend. 43, 238 ; N. J, Pharm. 30,
269 ; J. pr. Chem. 69, 454 ; Chem. Centr. 1856, 749 ;

in detail :

N. Ann. Chim. Phys. 50, 322. Formation from Mannite and Gly-
cerin : Compt. rend. 44, 1002 ; N. J. Pharm. 31, 432 ; J. pr. Chem,.
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Centr. 1858, 705 ; Rep. Chim. pun, 1, 47. Wien. Mad. Ber. 39,

10; Chem. Centr. 1860, 231 ; 'Rep. Chim. pure, 2, 219.

BUIGNET. N. Ann. Chim. Phys. 61, 233.

0. SCHMIDT. Dissertat. iiber Traubenzucker, $c. Gottingen, 1861.

Glucose, Ordinary Glucose; KrumelzucJcer, and according to its origin ; Grape-
sugar, Fruit-sugar, Honey-sugar, Starch-sugar, Diabetic sugar, Sugar of urine, Chest-

nut-sugar, Rag-sugar, some of which names are also used to denote glucose in general.

Recognised as a distinct substance by Lowitz and Proust ; first prepared from starch

by Kirchhoff, from linen by Braconnot. Its combinations with bases have been inves-

tigated chiefly by Peligot ;
those with organic acids by Berthelot. Our knowledge of

glucose has been further extended by Dubrunfaut, who has eliminated much that does

not properly belong to it, and more exactly characterised its properties.

Sources. Impressions of ferns from the clay-slate of Petit-coeur, in

Savoy, contain a sweet substance, which smells like caramel when
burnt on charcoal, and perhaps consists of glucose. (Calloud, Compt.
rend. 33, 544.) On the alleged occurrence of sugar or dextrin in vegetable mould,
see Verdeil & Risler (Compt. rend. 35, 97, and Petzhold's counter-statement, /. pr.
Chem. 60, 368.)

In the Vegetable Kingdom. Abundantly in sweet fruits, frequently
together with cane-sugar, and always with such a quantity of kevo-

rotatory fruit-sugar that the mixture may be regarded as inverse

sugar (i. e., as produced by the decomposition of cane-sugar, p. 254)
(Buignet, see page 239J. The isolated occurrence of dextro-glucose
has been observed only in the following cases :

A thick viscid liquid which, in the summer of 1842, covered the

upper surface of the leaves of lime-trees, and at certain times of the

day fell down like rain, contained cane-sugar and dextro-glucose.

(Biot, N. Ann. Chim. Phys. 7, 337; Langlois, N. Ann. Chim. Phys.
7, 348.) Dextro-glucose is contained in the manna of the ash-tree ;

a false manna, of unknown origin, was found to contain a peculiar sugar
not invertible by acids, and having a molecular rotatory powder equal
to

-f-
of that of cane-sugar ; perhaps maltose (Biot, Compt. rend. 14, 49 ;

J. pr. Chem. 27, 60). Whether the sugar occurring in many other

parts of plants should be considered as dextro-glucose, is not yet
decided. According to Buignet's researches (p. 240), cane-sugar and
inverse-sugar (which may be regarded as a peculiar substance, at

least with reference to its origin), appear to be the most widely
diffused, and the imperfectly investigated granular sugar (Krumdrucker)
of many chemists, appears to be inverse sugar formed either in the

plant, or during the process to which it is subjected for the extraction
of the sugar. (Kr.^

In Honey. This substance contains cane-sugar (which is gradually in-

verted by keeping); inverse sugar and an excess of dextro-glucose
(Dubrunfaut, Compt. rend. 29, 51); comp. Soubeiran {N. J. Pharm. 16,

252) and page 240 of this volume.

In the Animal body. In many animal liquids and tissues ; in the liver

(Handbuch viii, Zoochem. 65), in the amniotic and allantoic liquids (ibid.

424) in the blood (ibid. 171 and 195), in the chyle (ibid. 221), in the trans-

sudates (ibid. 241), in the yolk and white of hens' eggs (ibid. 284 and

285). In large quantity, to the amount of 8 or 10 per cent., in diabetic

urine (ibid. 384), in small quantity also in the urine of healthy men
(Briicke ; Bence Jones, Chem. Soc. Qu. J. 14, 22 ; N. Ann. Chim. Phys.

VOL. XY. X
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62, 244 ; 65, 125). The urine of a fox fed exclusively on meat contained

glucose. (Vintschgau, Wien. Alcad. Ber. 42, 523.) Conjugated com-

pounds of glucose are likewise found in the animal_body. (See Glucosides.)

Formation. Of dextro -glucose and fermentable sugars in general isomeric there-

with, in so far as they cannot with certainty be referred to other species. A. By the

transformation of Carbo-hydrates with assumption of Water. 1. Glucosan

(C
12H10 10

; vid. inf.) is converted into dextro-glucose by boiling with
dilute acids (Gelis). Assamar prepared by heating cane-sugar (p. 249),
dissolved in water and set aside for 1J years in a closed vessel, reco-

vered the sweet taste of sugar, still more in two years, probably from
conversion into glucose (Pohl, J. pr. Chem. 82, 148). Pohl's assamar
doubtless contained glucosan. (Nickles, N. J. Pharm. 39, 469.)

2. Dextrin is converted into dextro-glucose by boiling with dilute

acids. (Biot & Persoz.) Diastase acts in like manner, according to

Payen& Persoz, and Guerin-Varry; according to Musculus, it does not.

See page 189, also on the intermediate products of the reaction, infra. 3. Under
the same circumstances, soluble starch (p. 102) and common starch are

converted into dextro-glucose, after they have been previously con-

verted wholly or partially into dextrin, or other intermediate products.

Dextro-glucose is also formed from starch by continued boiling with

water, by prolonged contact with glutin, saliva, or the nitrogenous and
animal matters mentioned on page 91, and from sulphamidonic acid by
heating its aqueous solution (p. 104).

On the change which takes place in the conversion of starch into

dextro-glucose, the following views have been proposed.

a. According to Kirchhoff, the starch is directly converted into

glucose. b. According to Biot & Persoz, when a mixture of 500 pts.

starch, 120 pts. oil of vitriol, and 1,390 pts. water is heated to

90 95 (under the circumstances mentioned at page 85), or till a

clear solution is produced, dextrin is formed, which, when the tem-

perature has risen a few degrees, is converted, with sudden diminution

of the rotatory power of the solution, into a peculiar dextro-rotatory

sugar, and by continued boiling, into dextro-glucose. With other

proportions of water, acid, and starch, the same changes take place,
but more or less quickly and at other temperatures. The first-formed

sugar is, according to Dubrunfaut, maltose. The dextrin of Biot &
Persoz, appears to have been a mixture of disorganised with soluble

starch, dextrin and dextro-glucose (or maltose), since it had a greater

rotatory power than dextrin, less than soluble starch, viz. \oi\j = 175*7,
was coloured purple by iodine, was fermentable (hence the statement of Biot &
Persoz, p. 188, requires rectification), and when kept in aqueous solution de-

posited a white powder, which Jacquelain (Ann. Chim. Phys. 73, 177)
afterwards regarded as identical with his Granules de fecule. The
amount of sugar was previously ascertained by Guerin-Yarry (Ann.
Chim. Phys. 56, 239 (Kr.).

c. According to Payen & Persoz, who distinguish between the

integuments of the starch-granules, amounting to ^ p. c., and the con-

tents, amounting to 99*5 p. c. (designating the latter as amidone),
diastase or malt heated with starch and water causes the contents of

the granules to separate out, part of the substance remaining for a short

time in the liquid without alteration, and being subsequently converted

into dextrin and sugar, the diastase, however, not being able to pro-
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duce any further alteration of the dextrin, even after the sugar has
been removed. The amidone of Payen & Persoz appears to be identical

with disorganised or soluble starch^ but their dextrin is different from
that of Biot & Persoz, inasmuch as it is not coloured by iodine (Ann.
Chim. Phys. 53, 73 ; 56, 337). More recently, Payen states (Ann.
(.'him. Phys. 60, 442) that starch is completely converted into sugar by .

diastase, with the exception of the integuments. According to Mulder
(Chemie des Bieres, 170) the dextrin produced by diastase is different

from that which results from the action of acids, as appears also to
follow from Guerin-Varry's statements (Ann. Chim. Phys. 60, 32), but
both diastase and acids appear to produce successively the dextrin
which is coloured purple-red by iodine and that which is not coloured.

(Kr.)

d. According to Jacquelain, who likewise distinguishes in the

starch-granule an envelope and a granular substance contained

therein, the first effect of heating starch with water to 150, is to

separate these two constituents, the envelopes remaining undissolved.
while the granular contents, Jacquelain's Granules de fecule, dissolve.

[The characteristic property of the granules de fecule is, that they
separate out, for the most part, when the aqueous solution is left to

cool, dissolve sparingly in cold water, but easily in water at 70, are
coloured blue by iodine, and are precipitated from their aqueous solu-

tion by alcohol much more easily than dextrin. They appear therefore
to be identical with Bechamp's disorganised starch (p. 102)]. The granules
de fecule, when further heated with 5 pts. water to 160 are con-
verted in

j-
hour into a-dextrin (which is coloured purple by iodine, and

is more easily precipitated by alcohol than /3-dextrin), in 1J hour into

^-dextrin (not coloured by iodine), and by still further heating, into

sugar. At higher temperatures, the same products are formed, but are
more quickly converted into the last-mentioned compound. When starch
is heated with an equal weight of water and from y^-Q to ToVo f oxalic

acid, or oil of vitriol, to 130, the mass, after 20 minutes, contains

a-dextrin, after an hour, /3-dextrin, and after 2 hours, sugar. (Jacquelain,
Ann. Chim. Phys. 73, 167.) The sugar formed in this reaction possesses,

according to Biot (Compt. rend. 15, 619 and 710 ; 42, 351) a mole-
cular rotatory power different from that of dextro-glucose, viz. [a]j =
100-6 to the right, because, according to Dubrunfaut, it is a mixture
of maltose and dextro-glucose (see Maltose).

e. According to Neubauer, dilute acids produce first Schulze's

amydulin, from this a-dextrin, which is coloured purple-red by iodine,
then /3-dextrin, not coloured by iodine, and, finally, after veiy long
Boiling, a solution containing nothing but glucose.

/. According to Becharnp, the formation of sugar from starch by dilute

acids, is preceded just as when diastase is the acting substance,
by the formation of three different products, whilst* a fourth appears
cither before the sugar, or simultan eously with it. These products,
some of which may be isolated by the use of aqueous alkalis or of con-
centrated acids, are as follows : a. Disorganised starch, occurring in

three forms, in one of which it constitute s Jacquelain's granules de fecule,
in another Saussure's Ligneux amylacc ; /3. Soluble starch (p. 102)
which is coloured blue by iodine, dissolves in cold and in hot water and
does not separate from the latter solution on cooling ; 7.

x 2
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which is not coloured blue (but purple-red ? Kr.) by iodine ;

8. A variety of dextrin, Bechamp's Amylin^ which is formed, either

together with or before the sugar, often remains mixed with it, and has
a dextro-rotatory power [a]; = 125. (Bechamp, N. Ann. Chim. Phys.

48, 458). The presence of Bechamp's Amylin (or Jacquelain's

/3-dextrin) appears also to explain the observation made by Anthon

(Dingl. 151, 213 ; Chem. Centr. 1859, 291), that, by boiling starch with
water and 2 p. c. oil of vitriol for 5 7 hours, a solution is obtained

which is not coloured by iodine or precipitated by alcohol, but does not

yield any crystals by evaporation, and ferments only to the amount of

f to f of its entire quantity.

g. According to Musculus, dilute acids and diastase decompose
starch into 2 at. dextrin and 1 at. dextro-glucose, the former being
afterwards but slowly altered by dilute acids, and not at all by diastase.

This does not agree with Guerin-Varry's experiments (pp. 90 and 91),
in which the quantity of sugar obtained was much larger than that

which corresponds to the equation given by Musculus. Neubauer

(N. Br. Arch. 72, 285), appears to have converted starch completely
into sugar by the action of diastase ;

the quantity of product obtained
in the brandy- distillery, shows that the sugar produced by the action

of malt upon starch amounts to between 75 and 80 p. c. of the weight
of the starch; and, finally, Guerin-Yarry states distinctly (p. 188) that

he converted dextrin into sugar by the action of diastase, not how-
ever till the sugar first formed was removed. From this, as well from

experiments of my own, the view proposed by Musculus appears to me to be unten-

able (Kr.).

Lastly, there are certain observations by Gentele {Dingl. 158, 427 ;

Chem. Centr. 1861, 91), which indicate the formation of another inter-

mediate product : When starch is boiled with dilute acids till the mix-
ture remains clear on cooling, the presence of glucose in it is shown by
potassio-cupric tartrate, but not by red prussiate of potash mixed with
caustic potash, which reagent is nevertheless decolorised by glucose.

In the spontaneous decomposition of starch-paste, there is obtained,

amongst other products, a sugar, which, according to Saussure,
resembles grape-sugar, and. according to Dubrunfaut, is maltose.

When a paste prepared with 1 pt. starch and 12 pts. water is exposed
to the air for two years in a shallow vessel, and the mass is then
exhausted with cold water, undecomposed starch, woody starch

(Saussure's ligneux amylace) and a small quantity of resin remain un-

dissolved, while amidin, starch-gum, and sugar pass into the solution.

On evaporating the filtrate, dissolving the residue in 1 pt. of water,

adding 10 pts. alcohol, evaporating again, and separating the remainder
of the matter insoluble in alcohol, an alcoholic solution is obtained from

which, after evaporation, the sugar crystallises. If the spontaneous
decomposition of the starch-paste continues only a few weeks, sugar is

likewise formed, but of the uncrystallisable kind ; if the decomposition
has proceeded too far, the crystallisable sugar also disappears. This

crystallisable sugar dissolves in 8 pts. alcohol of 35 Bm. at 25, and
in 17 to 20 pts. of boiling absolute alcohol (Saussure, Ann. Chim. Phys.

11, 379).

4. Glycogen is converted into dextro-glucose under the same cir-

cumstances as starch (p. 184). 5. In like manner, lichenin (p. 121)
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and paramylone (p. 122) arc converted into glucose by boiling with
acids. The rotatory power of the sugar has not been ascertained in either case.

G. Cellulose treated with oil of vitriol (p. 13G), concentrated hydro-
chloric acid (p. 139), or a concentrated aqueous solution of chloride of

zinc (p. 140), yields products which are converted into glucose when
their aqueous solution is boiled with water. Glucose is likewise produced
in the decomposition of lignosulphate of lead (p. 165), and by the action of alkalis on

pyroxylin (p. 178). But it is doubtful also whether this sugar should be regarded as

dextro-glucose. According to Bechauip (N. Ann. Chim. Phys. 48, 502), it yields, when
treated with alcohol, two sorts of crystals, one sort having the hardness of cane-sugar,
the others resembling dextro-glucose.

The skin of the silk-worm and that which remains in the cocoons
when the butterflies escape, are capable of yielding a substance isomeric

with cellulose, which rnay be converted into glucose. When the cater-

pillars are boiled for several hours with strong hydrochloric acid, and
this treatment is repeated three times with the residue, and this residue

is washed with strong potash-ley, then with water, and dried between
100 and 110, a white light substance nearly free from nitrogen is

obtained, which gradually diffuses in oil of vitriol, forming a colourless

gummy liquid. This solution added by small quantities to boiling
water and boiled for an hour or two, yields fermentable sugar which

reacts, like glucose, with common salt and potassio-cupric tartrate (De
Luca, Compt. rend. 53, 102).

7. Tunicin (p. 182) is decomposed by oil of vitriol, under the same
circumstances as cellulose, into dextro-glucose and a second substance.

(On the decomposition of Chitin, see Glucosides.)

8. Maltose (p. 339), melezitose (p. 299), trehalose (p. 300) and mycose
(p. 301) are completely converted into dextro-glucose by boiling with
dilute acids.

B. Another class of compounds yield by their decomposition, dextro-

glucose and another product. This latter body is either isomeric with

glucose : thus mehtose (p. 297) is resolved, by dilute acids, yeast,
and other bodies, into dextro-glucose and eucalin, cane-sugar (p. 254),
into dextro-glucose and la3VO-glucose (as to starch, dextrin, and tunicin, it is

doubtful whether they belong to this or to the former class) ; or, it belongs to the

class of non-saccharine bodies, in which case the compound which

yields this second product and dextro-glucose, belongs to the class

of Glucosides.

To the Glucosides^ Glucosamides, or Saccharogens belong, according to Laurent's

classification (N. Ann. Chim. Phys. 36, 330), all substances which, when decomposed
by dilute acids, yield, on the one hand, dextro-glucose or another saccharine substance,
on the other, a product differing in character according to circumstances, but not

belonging to the carbo-hydrates. Generally speaking only the naturally occurring com-

pounds of this kind, the Bitter principles, are designated by this name. Berthelot's

Saccharifies (p. 317) include, besides these, the artificially prepared compounds of the

carbo-hydrates (with acids), and are divided, according as they yield by their decompo-
sition, dextro-glucose, laevo-glucose, lactose, or other bodies of like nature, into

glucosides, levulosides, gallactosides, &c. But since, in many cases, decisive experi-
ments on the nature of the saccharine substance obtained are wanting, Berthelot's clas-

sification cannot be completely carried out, and we shall therefore adhere to Laurent's.

(Kr.) See the Conspectus of the Glucosides, in the Appendix to the Carlo-hydrates.

C. In the decomposition of dulcite (C
12II14 12

) by nitric acid, there
is formed, amongst other products, a sugar, C 18Hia 12

, which reacts
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with alkalis, potassio-cupric tartratc, basic nitrate of bismuth, and

indigo, in the same manner as dextro-glucose. (Carlet, Compt. rend.

51, 137.) Respecting Gorup-Besanez' Mannitose, a sugar different from dextro-

glucose produced by the oxidation of mannite (C
12H 14O 12

) under the influence of pla-

tinum-black, see Mannite.

D. From Oxalate of Ethyl. When this compound is brought in

contact with sodium-amalgam at low temperatures, and the product is

agitated with ether, a solution is obtained from which a greasy mass

separates on addition of water. This mass is a mixture of oxalate

of soda, another soda-salt, and fermentable sugar. (Lowig, J. pr.
Chem. 83, 133.) Whether this sugar should be regarded as dextro-glucose is at

present undecided. (Kr.)

E. From Mannite or Glycerin. When a moderately concentrated

aqueous solution of mannite, dulcite, or glycerin is left for some time

in contact with the testicles of man, or of the horse, dog, or cock, a

peculiar fermentable sugar is produced, the formation of which likewise

takes place in certain cases, when instead of the testicle, albumin,

casein, fibrin, gelatin, or the tissue of the kidneys or pancreas is

employed. (Berthelot, N. Ann. Chim. Phys. 50, 369.)
When to a solution of mannite or glycerin in 10 pts. water, there

is added such a quantity of comminuted testicle, that its dried substance

amounts to -$ of the mannite, and the mixture, contained in an open
flask, is exposed to diffused daylight between 10 and 20, the liquid,

after an interval varying from a week to 3 months, is found to contain

(without the occurrence of putrefaction, which, indeed, is incompatible with the success

of the experiment) a substance which reduces cupric tartrate. The tes-

ticular tissue, if separated at this time from the liquid by decantation

and thorough washing, then again introduced, under similar circum-

stances, into a solution of mannite or glycerin, produces therein, in

the course of a few weeks, a considerable quantity of sugar. This

sugar is formed, sometimes in extremely small, sometimes in larger

quantity, amounting to -^ of the mannite or glycerin, and is partly
further altered during the operation. It is not formed by the sub-

stance of the testicle, inasmuch as this substance is recovered, for the

most part, unaltered, and gives up to the liquid, chiefly salts and albu-

min oi'dal substances, amounting to less than the weight of the sugar.
The sugar is probably Irevo-rotatory. It is deliquescent, uncrystallis-

able, and cannot be separated from the glycerin. It is apt to alter during
the evaporation of its solution, is turned brown by alkalis, easily fer-

mented by yeast, and reduces potassio-cupric tartrate. It is very
soluble in water, alcohol, and glycerin, and slightly precipitable by
ammoniacal sugar of lead. (Berthelot.) On the formation of sugar in the

muscles and lungs of the foetal calf, see Handbuch, viii, Zoochem. 489.

Pectin, pectic acid, and pectous acid are converted into sugar, according to Chodnew,

by boiling with dilute acids, a statement which is contradicted by Fremy. Apiin,

according to Braconnot, exhibits a similar reaction; according to Planta & Wallace, it

does not. Bassorin (p. 208) and vegetable mucilage (p. 211), treated in like manner,

yield a sugar, which cannot with certainty be reckoned as belonging to this place. The

following substances were formerly erroneously regarded as dextro-glucose : The inverse

sugar produced by inversion of cane-sugar (p. 254), the Isevo-rotatory fruit-sugar

produced from inulin, lactose (p. 227), the sugar, probably identical with lactose,

produced from arabic acid, and maltose. The observations of Biot (Compt. rend.

15, 619 ; 15, 710 ; 42, 351), who found that the sugar which Jacquelain obtained by
heating starch with oxalic acid (pp. 87, 307), also the sugar examined by Peligot, and the
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dextro-glucose of the manufactories, exhibited different degrees of dextro-rotatory power
(viz. []^' = 100 -

6, 61'5, and 5T4 ), must for the present remain unexplained, so

far at least as the two latter products are concerned.

Preparation. 1. From the juice of various kind of fruit, especially

of Grapes. The juice is boiled and skimmed ; the free acid is neutral-

ised with chalk or marble; and the liquid is concentrated to one-hall',

darilied by deposition and decantation, or further with white of egg,
and evaporated to a syrup, not too thick. From this the grape-sugar
separates after some weeks, and is purified by repeated solution in

water and crystallisation.

2. From Honey. White granular honeyis diffused in \ pt. of cold strong
alcohol, which dissolves the more soluble laovo-glucose and leaves the

dextro-glucose for the most part undissolved ; the solution is separated
from the sediment after a few hours ; the sediment strongly pressed ;

the residue again triturated with TVpt. alcohol; again pressed; and the

undissolved portion is purified by solution in water and crystallisation.

(Braconnot, Lull. Phann. 3, 360.) A similar process is followed by
Proust, also by Cavezzalli (Scher. J. 7, 714), and Trommsdorff (N. Tr.

9, 1,287). 2. Siegle spreads granular honey on dry porous bricks,

whereby the liquid portion is absorbed, leaving, after a few days, a

granular residue, which is rccrystallised from warm alcohol with help
of animal charcoal. (J. pr. Chem. 69, 148.) The dextro-glucose obtained

by either of these processes must be contaminated with cane-sugar, if the honey con-

tained that substance. (Kr.) See also Clerget (N. J. Pharm. 16, 252).

3. From Starch ly the action of dilute Sulphuric acid. 1 pt. of

starch is boiled with 4 pts. water and a quantity of oil of vitriol,

weighing from -^-^ to -^ as much as the starch, the liquid being
stirred and the water continually renewed till the liquid is no longer

precipitated by alcohol. To bring it to this state, the boiling must be
continued for a longer time in proportion as less sulphuric acid has been

used; with the above proportions, from 6 to 36 hours' boiling is

required. The dextro-glucose then contained in the solution is sepa-
rated and purified in the same manner as that from grape-juice.

(Kirchhoff.) In preparing starch-sugar on the large scale, the ebul-

lition is produced by passing over-heated steam into the mixture con-

tained in closed casks. When starch is boiled with water and 2 p. c.

oil of vitriol, the liquid being evaporated after 5 or 7 hours, at which
time it is no longer precipitated by alcohol, an uncrystallisable syrup
is obtained. It is only after longer boiling that the whole of the dis-

solved matter is converted into dextro-glucose, part of which moreover

undergoes further alteration, so that the liquid does not easily yield

crystals by evaporation. (Anthon, Dingl. 151, 213.) After the sul-

phuric acid has been neutralised with chalk, a small quantity of acetic

acid must be added before boiling the liquid, since an excess of lime

leads to the formation of bitter products of decomposition (Polt/t. Centr.

1854, 252); see also Payen (Repert. 77,286). Respecting the amount of product
thus obtained, see page 85 of this volume.

4. From Starch ly the action of Glutm, Malt, or Diastase. The pro-
duct thus obtained is perhaps not dextro-glucose, but maltose (p. 338) 2 parts
of starch well mixed by stirring with 4 pts. of cold water are diffused
in 20 pts. of boiling water, and the paste thus formed is digested for

eight hours at 50 70 with 1 pt. of dried and pulverised wheat-



312 CARBO-HYDRATES

gintin. From the syrup obtained by evaporation, alcohol extracts the

sugar, leaving the starch, which is still but slightly altered, and the

solution yields the sugar by evaporation.
100 pts. of starch is suspended in 400 pts. of cold water ; the mix-

ture is poured into 2,000 pts. of boiling water, and after the whole has

cooled to 65, 2 pts. of diastase dissolved in 20 pts. of cold water are

added. The mass, which in a few minutes becomes perfectly fluid, is

kept for 2^ hours at a temperature between 60 and 65, evaporated
as quickly as possible at 60, or better in vacuo, to 34 Bin., and left

to itself for some days in shallow vessels. By treating the syrup,
which is sometimes crystalline, with alcohol of 95 per cent, at a tem-

perature of 75, cooling the solution out of contact of air, filtering,

reducing the filtrate to a syrup by distillation and concentration,
and leaving the syrup to itself in vacuo, crystals are obtained which

may be purified by pressure, renewed treatment with alcohol, and

recrystallisation from 4 pts. water at 65, with help of animal char-

coal. (Guerin-Varry.) The diastase may be economically replaced by
18 times the quantity of malt. (Guerin-Varry.)

5. From Linen. See page 308. To 12 pts. of linen (purified as com-

pletely as possibly by treatment first with potash-ley, then with water,
and dried: Vogel): 17 pts. oil of vitriol are very slowly added, so that

no heating may take place ; the mass is kneaded together, left to itself

for 24 hours, then dissolved in a very large quantity of water ; the

solution is boiled for 1 hours ; the acid is saturated with carbonate of

lime ; the liquid is filtered and evaporated ; and the glucose which

separates after some days is purified by recrystallisation. (Braconnot.)

Vogel uses sulphuric acid of sp. gr. 1-8 (which blackens the linen less

than strong oil of vitriol) and leaves the mass to itself for two days.

6. From the urine of diabetic patients. The crystals obtained by
evaporating the urine are pressed (after being separated from the

chloride-of-sodium compound of glucose) and purified by crystallisation
from boiling alcohol (Chevreul), or by digestion with cold alcohol and

subsequent recrystallisation. (Prout.) Addition of ether to the

alcoholic solution favours the crystallisation. (Peligot, Hiinefeld.)
The urine is evaporated to a syrup on the water-bath ; the residue

exhausted with alcohol ; the tincture precipitated with basic acetate of

lead ; the lead separated from the filtrate by sulphuretted hydrogen ;

and the clear liquid evaporated to a syrup and allowed to stand till it

deposits crystals. (Hiinefeld, J. pr. Chem. 8, 560.) Frequently
nothing but crystals of the chloride-of-sodium compound of glucose are

obtained on evaporating diabetic urine. (Lehmann, Handbuch, viii,

Zoochem. 568.)

Directions for the detection of Sugar in the urine. 200 cc. urine arc

mixed with 800 cc. alcohol, allowed to settle, and then filtered;

alcoholic potash is added drop by drop to the perfectly clear liquid,

until it has acquired a slightly alkaline reaction ;
and the mixture

is left for 24 hours in the cold. On carefully decanting the

liquid and draining it off as completely as possible, the sides of the

vessel, when allowed to dry by spontaneous evaporation, are found to

be covered with crystalline crusts of the potash-compound of glucose.
This is dissolved in a small quantity of water, and the glucose recog-
nised by its browning with potash-ley, by the copper-test, or by its
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reaction with basic nitrate of bismuth. (E. Briicke, Wien. Akad. Ber.

29, 346 ; J. pr. Chem. 74, 115.) By precipitating the urine, first with

sugar of lead, then with basic acetate of lead, and lastly with ammonia-
Gal acetate of lead, precipitates are obtained, of which the last two
contain sugar, although basic acetate of lead does not throw down any
sugar from a pure solution of grape-sugar. By pressing each of these

two precipitates, dividing them finely, and decomposing them Avith

coM aqueous oxalic acid, filtering, neutralising the filtrate with car-

1)( mute of soda, acidulating with acetic acid, concentrating the liquid

by evaporation, and precipitating the oxalate of soda by alcohol, a

solution is obtained from which glucose can be precipitated as above

by alcoholic potash, and recognised in the same way. Carbonate of

lime may also be used instead of carbonate of soda. (Briicke, Wien.

Akad. Ber. 39, 10; Chem. Centr. 1860, 231.)

Estimation of Glucose. Barreswil's method (Arch, d'anatom. 1846,
50 ; J. Pharm. 6, 361 ; Berz. Jahresber. 25, 556). A known measure of

potassio-tartrate of copper mixed with potash-ley is heated to boiling
in a capsule, and the liquid containing sugar is dropped in until the

copper-solution has become colourless by the separation of red dioxide

of copper. The quantity of glucose required to reduce the quantity of

copper-solution employed must be ascertained by a preliminary experi-
ment. Barrcswil prepares the copper-solution by dissolving 400 grm.
carbonate of soda, 500 grm. cream of tartar, 300 grm. sulphate of

copper, and 400 grm. hydrate of potash in half a litre of water. -

Fehling (Ann. Pharm. 72, 106. 106, 75) adds to a solution of 160

grm. neutral tartrate of potash (or better, 192 grm. tartrate of potash
and soda) in a small quantity of water, 600 or 700 cc. soda-ley of

sp. gr. 1'12, then a solution of 40 grm. crystallised sulphate of copper
in about 160 cc. water, and dilutes the mixture until it measures
1154'4 cc. at 15. Five milligrammes (0*005 grm.) of dry glucose can
reduce 1 cc. of this solution. It must be kept in well closed vessels, to

protect it from carbonic acid and air
; the solution ought not to give

any precipitate of dioxide of copper when boiled by itself. The sugar-
solution to be tested is best employed free from acid. See also Kersting
(Ann. Pharm. 70, 251), H. Schwarz (Ann. Pharm. 70, 54), Roser (Ann. Pharm.
74, 180), Donaldson (J. Chim. med. 27, 641; Lieb. Kopp. Jahresber. 1851, 647),
Mulder (Lieb. Kopp. Jahresber. 1850, 614), Neubauer (N. Br. Arch. 72, 276),
Werther (J. pr. Chem. 74, 373), Lovventhal (/. pr. Chem. 77, 336), Schiff (Ann.
Pharm. 104, 330. 112, 368), Briicke (Chem. Centr. 1858, 705. 1860, 231), Buignet
(N. A nn. Chim. Phys. 61, 240), and the authorities quoted under milk-sugar (p. 223).

When a solution contains no optically active substance besides glu-
cose, or only cane-sugar in addition, the quantity of dextro-glucose
present may be deduced from its rotatory power according to p. 246.

Or, as in the case of cane-sugar (p. 243), the quantity of carbonic
acid formed by fermentation is determined. On the determination of sugar
in diabetic urine by fermentation, see also Wicke (Ann. Pharm. 96, 87 and 100) ; by
the optical test, Biot (Compt. rend. 15. 633), Lespian (Compt. rend. 26, 305), Robiquet
(Compt. rend. 43, 920), Listing (Ann. Pharm. 96, 93 and 100), also Handbuch via,
Zoochem. 380 ; by the depth of coloration produced on boiling the urine with potash-
ley, Garrod (Pharm. J. Trans. 17, 261).

Properties. From alcohol of 95 .per cent. (Dubrunfaut, Compt. rend.

23, 42), or from stronger alcohol(0. Schmidt), anhydrous dextro-rotatory
glucose is deposited in crystals. Microscopic, sharply deiiued needles,
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which melt at 146 to a colourless transparent mass. (0. Schmidt.) The

crystals frequently contain small quantities of hydrated glucose mixed
with them. (Schmidt.) Anhydrous glucose is obtained as a white powder
by heating bihydrated glucose to 55 or 60 in a stream of air ; as a

melted, transparent, amorphous mass, by heating the bihydrate to

100. Its taste is less sweet than that of cane-sugar ; in the solid

state, it is mealy as well as sweet. According to Prout, 2-J pts.

glucose, according to Dubrunfaut, 2 pts. glucose sweetens as much
as 1 pt. cane-SUgar. (See also hydrated glucose, p. 323.)

Molecular rotatory power towards the right, slightly variable

between the temperatures of 18 and 80, for C 13H12 12
, [a]j = 53*2

(Dubrunfaut), 57'44 (Bechamp), 55'15 (Pasteur, according to his deter-

mination of the rotation of the chloride-of-sodium compound), 57*0 (0. Schmidt),
56 (Berthelot): hence for C 12H12 12

,2IIO [a];' = 48 (Dubrunfaut),
52*03 (Bechamp). See also Biot, p. 310. A freshly prepared solu-

tion of hydrated glucose (and also of the crystals of anhydrous glucose
obtained from absolute alcohol: 0. Schmidt), or of dehydrated glucose

prepared without fusion, shows a molecular rotatory power equal to

twice the above, but it gradually sinks to this point and then remains

constant (Dubrunfaut, Pasteur); but if the glucose has been dehydrated
by fusion, its solution, even when freshly prepared, possesses the same

rotatory power as that acquired, after long standing, by a solution of

the crystals (Bechamp, Dubrunfaut). Dubrunfaut distinguishes the

glucose contained in a freshly prepared solution as glucose lirotatoire.

The solution of the crystals in wood-spirit retains its greater rotatory-

power for a longer time than the aqueous solution, so that for C 12H12 12

there is found [a]J= 106*4, or for C 12H 12 12,2HO [a]j = 96 ; the

rotatory power of the aqueous solution quickly falls, so that the shorter

the time that elapses between solution and observation, the nearer is it

found to this number. (Dubrunfaut.) The diminution of rotatory

power takes place slowly at (E. 0. Erdmann) ; it is complete in 24
hours at the common temperature, or in a few minutes at the boiling

point. (Dubrunfaut.) It is hastened also by addition of hydrochloric
acid. (E. 0. Erdmann.) (Dubrunfaut, Compt. rend. 23, 42 ; N. Ann.
Chim. Phys. 18, 99. Compt. rend. 42, 228 and 739. Pasteur, N. Ann.
Chim. Phys. 31, 95. E. 0. Erdmann, Lieb. Kopp. Jahresber. 1855, G71.

Bechamp, Compt. rend. 42, 640 and 898.) The fusion of glucose
does not occasion any diminution of its rotatory power, except the dis-

appearance of the bi-rotation. (Ventzke, J. pr. Chem. 25, 78.)

Brunner. O. Schmidt.

12 C
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Decompositions. 1. When glucose dried at 110 is heated to 170, it

gives off 2 at. water, becoming more or less coloured, and is converted

into glucosan mixed with a little unaltered glucose and caramel (Gelis,

Compt. rend. 51, 331). It becomes brown when heated for a longtime to

1 .")<
,
and is then hygroscopic after cooling (0. Schmidt). Between 210

and 220 it swells up more than cane-sugar, gives off a larger quantity of

water, and yields caramel (Pcligot). The products formed at high tempe-
ratures are similar to those obtained from cane-sugar (p. 248), but are

somewhat more fusible, more easily soluble in water, and less soluble

in alcohol. Alcohol takes up scarcely anything from glucose-caramel;
absolute alcohol throws down, from the aqueous solution, a mixture of

substances in the form of a black syrup, which becomes moist in the

air, and gives precipitates of varying composition with salts of lead

or baryta. Caramelin (p. 293) from glucose is also obtained in three

states, and is dissolved by long contact with water, even without

boiling. (Gelis, N. Ann. Chim. Phys. 52, 386.) By heating glucose
in a sealed tube, there is obtained, together with other substances, a

liquid which absorbs oxygen and nitrogen from the air with great

avidity (P. Thenard, Compt. rend. 52, 795).

2. Glucose froths up in the open fire, evolves a smell of burnt sugar,
and burns away with name. 3. Glucose, mixed with spongy plati-

num, behaves like cane-sugar (p. 251) when heated oxygen is passed
over it (Reiset & Millon, N. Ann. Chim. Phys. 8, 258). Aqueous glu-
cose in contact with platinum-sponge does not absorb oxygen ; but, if

potash-ley is also added, it becomes heated, and is oxidised to carbonic

acid and water (Dobereincr, J. pr. Chem. 29. 453). It yields formic

acid when heated with chromic acid and sulphuric acid, or with peroxide

of manganese and sulphuric acid (Iliinefeld, J. pr. Chem. 7, 44). Aqueous
glucose does not alter bichromate of potash when heated with it ; its

presence even prevents the occurrence of the phenomena occasioned

by solution of cane-sugar in bichromate of potash (p. 251). (Reich,
J. pr. Chem. 43, 72.)

See also Horsley (/. pr. Chem. 63, 320)._ By distilling
1 pt. glucose with 1 pt. oil of vitriol, 1 pt. peroxide of manganese, and
30 pts. water, a distillate is obtained which exhibits the reactions of

aldehyde, and possesses also the smell of acrolein (Liebig, Ann. Pharm.

113, 116). Glucose is not altered by boiling with peroxide of manga-
nese alone (Stiirenberg, Ann. Pharm. 29, 291), neither is it altered by
permanganate of potash (Monier, Compt. rend. 46, 425). It takes fire

when triturated with 6 pts. peroxide of lead (Bottger). On adding
small quantities of glucose tQ a boiling- pulp of peroxide of lead and
water, carbonate and formiate of lead are obtained. C 12H12 12 +
16Pb02 = 4C2HPbO* + 4PbO,C02 + 8PbO + 8HO. A body which
attacks the eyes and nose is formed at the same time (Stiirenberg).

4. Glucose behaves like milk-sugar (p. 219) when its aqueous solution

is heated (Hoppe). The rotatory power of the aqueous solution does
not alter by standing for ten months (Maumerie, Compt. rend. 39,

916). A concentrated aqueous solution becomes yellow when heated
in a chloride-of-sodium bath, but its rotatory power is hardly altered
in 40 to 80 hours (Soubeiran, N. J. Pharm. 1, 92).

5. Its aqueous solution mixed with 1 at. bicarbonate of potash
and then with 1 at. iodine, and warmed, yields iodofonn (Millon,
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Compt. rend. 21, 828; J. pr. Ckem. 37, 53). 6. Heated in a sealed

tube with bromine in presence of water, it yields hydrobromic acid, a
dark-brown liquid, and humus -like products (Earth & Illasiwetz).
7. Chlorine converts glucose into a brown or black mass containing
caramelin (p. 262). (Maumene, Compt. rend. 30, 314.) Bichloride of
tin acts upon glucose in the same way as upon cane-sugar (Maumene,
Compt. rend. 39, 422).

8. Fuming nitric acid converts glucose into nitro-glucose (Mores
Domonte & Menard, Compt. rend. 24, 89). When heated with com-

mon, or moderately diluted, nitric acid, glucose yields saccharic acid

(Ileintz) and oxalic acid, but no tartaric acid (Liebig).

9. By heating glucose with syrupy aqueous phosphoric acid to 140-,

a small quantity of a saccharide (p. 317) is obtained (Berthelot, N. Ann.

CMm. Phys. 54, 81).

10. Glucose dissolves without coloration when triturated with cold

oil of vitriol (P. Boullay, J. Pharm. 16, 172), forming glucoso-sulphuric
acid (Peligot, Ann. Chim. Phys. 67, 168). It chars when gently heated

with 4 pts. oil of vitriol, and evolves carbonic oxide and carbonic acid

gases (Filhol, N. J. Pharm. 8, 100). When glucose is boiled with

dilute sulphuric acid, the liquid becomes brown and yields a deposit of

ulmin and ulmic acid more quickly than when cane-sugar is used (Mala-

guti), less quickly (Bouchardat) ; when air has access, formic acid is

also produced (Malaguti, Ann. Chim. Phys. 54, 417). Coloration occurs

quickly with glucose from inverse sugar, more slowly with that from

grapes, and in not less than six hours in that from starch (Bouchardat,

J. Pharm. 21, 627). 11. Glucose long boiled with hydrochloric acid

becomes unfermentable (Bodeker, Ann. Pharm. 117, 111). 12. When
heated with aqueous iodic acid, it is slowly decomposed into carbonic

acid and water (Millon, N. Ann. Chim. Phys. 13, 37). 13. Mixed with

water and an equal quantity of arsenic acid, and exposed to the sun, it

becomes red or brown after three or four days (Bottger, N. Br. Arch.

17, 185). 14. Honey behaves with oxalic acid in the same way as cane-

sugar (Dobereiner, Ann. Pharm. 2, 338). 15. The rotatory power of

aqueous glucose is but very slightly altered by long heating in a chlo-

ride-of-sodium bath with acetic acid (Soubeiran).

16. By heating dextro-glucose with (organic) acids, compounds
are formed, with elimination of water, which belong to the class of

Saccharifies, and possess no longer the properties of the acid and of

sugar, but are capable of breaking up again, by assimilating water,

into the acid and dextro-glucose (Berthelot).

Berthelot's class of Saccharifies comprehends all bodies formed in

the way above mentioned from the sugars properly so-called. Accord-

ingly, not only dextro-glucose, but laevo-giucose, maltose, and lactose

(inosite, eucalin, sorbite) can enter into the composition of saccharides.

If they are prepared with cane-sugar or with trehalose, instead of with

dextro-glucose, compounds are formed which are either identical with

the dextro-glucosides their formation taking place under circum-

stances under which cane-sugar is partially, trehalose completely, con-

verted into dextro-glucose or, at least, behave in the same way so

far as they have been hitherto examined. Berthelot further places in
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this class, compounds'of starch, dextrin, cellulose, &c., such, for instance,
as xylo'idin and pyroxylin. He then subdivides the saccharides into

glucosides, or those produced from dextro-glucose ; levulosides, from

hwo-glucose (laevo-rotatory fruit-sugar); galactosides, from lactose;
and inosides, from inosite. [in this work, the first two classes will be spoken of as

dextro- and lavo-glucosides whenever it is necessary to distinguish between
them."] As

to how far the naturally-occurring bitter principles (Laurent's glucos-
umides) ought to be considered as belonging to one of these subdi-

visions, see below.
The formation of the saccharides occurs for the most part by long

contact at 100 or 120; with some kinds of sugar, as with trehalose,
the temperature may be raised as high as 180. Only a part of the

sugar thus enters into combination. They are decomposible into their

constituents under the same conditions as the fats, but with greater
difficulty. Water scarcely acts upon them at 100 ; at higher tempe-
ratures the sugar itself would be destroyed. Continuous boiling with
dilute acids decomposes them completely into the original acid and
fermentable sugar ; part of the latter, however, easily undergoes a
a further decomposition into glucic acid and humus-like bodies. Some
saccharides suffer decomposition by contact with ferments.

The saccharides, like the natural fats, are soluble in water when
they contain a volatile acid ; insoluble when they contain a fixed acid.

The soluble saccharides have an extraordinarily bitter taste; they
deflect the plane of polarisation in the same direction as the sugar
from which they are derived ; none of them are volatile, but in some
cases they emit a peculiar smell, which is developed by warming (Ber-
thelot).

The following general account of the saccharides of dextro-glucose, Berthelot's

fflucosides, is taken from Berthelot's Chimie organique fondee sur la Synthese (Paris,

1860), 2, 271. It contains the general formulae of the saccharides of dextro-glucose,
as well as of the similar kinds of sugar, both such as have been actually prepared, and
those whose existence must be assumed as probable. The examples are taken from the

compounds of milk-sugar, starch, etc., in those cases in which the corresponding com-

pounds of dextro-glucose are unknown.

The saccharides of dextro-glucose are either mono-, bi-, ter-, or

quadri-saccharides, according as they are derived from 1, 2, 3, or 4 at.

dextro-glucose (or, according to Berthelot, from an equal number of

atoms of glucosan, C
13H10 10

, p. 360). Each of these divisions is further
divisible into various classes, according as the glucose is combined with

1, 2, or more atoms of acid, and into various sub-classes according as
the compounds are formed with elimination of 1, 2, or more double
atoms of water.

S denotes 1 at. dextro-glucose after separation of 2 at. water, or 1 at. glucosan :

in cases where the compound of dextro-glucose is unknown, it stands for 1 at. of a

corresponding carbohydrate. A denotes 1 atom of a monobasic acid j B, 1 atom of

a bibasic acid ;
and //, 1 atom of water.

Monosaccliandes. a. Class I. S + A - 2ff. Formed by the com-
bination of 1 at. glucosan with 1 at. acid, with elimination of 2 at.

water. No compounds of this class are as yet known. A correspond-
ing compound of starch is xylo'idin, according to Pelouze's formula

(p. 107). C 12H9 9
,N0

6 = C 12H10 10 + NO'.HO - 2HO.
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p. Class II. S + 2A 4:11. Here belong bistearoglucose, bi-

butyro-glucose and bibenzo-glucose ; also glucoso-bitartaric acid (p. 259)
formed from the bibasic tartaric acid according to S + 2B 4/7.

7. Class III. S + 3A QH. Hitherto not prepared. Assuming
Strecker's formula for gallo-tannic acid as correct, this body may be
taken as an example of a naturally occurring glucoside of this class.

(J54JJ22Q34 _ C i2Hio io + sc^H^10

(gallic acid) 6HO.

<5. Class IV. No saccharides of monobasic acids formed according
to S + 4:A SH are known, but gluco-tetratartaric acid, formed from
bibasic tartaric acid according to S 4- 47? 87T, belongs to this

class, and also, among the compounds of (the hypothetical) gallactosan

(milk-sugar HO = C 12H10 10
),

Berthelot's acide galactoso-tetratartrique.

Comp. p. 222. (If, with Berthelot, we derive the compounds there

spoken of from gallactosan, their formulae become : a. acide gallactoso-

tetratartrique, C^H^O54 = C 12H'010
4- 4C8H6 12 - 4HO ; b. acide tri-

gallactoso-tetratartrique, C68!!4^70 = 3C 12H10 10 + 4C8H6 12 - 8HO.)

e. Class V. S -f 5A 1077. None prepared hitherto.

. Class VI. S + GA - 127T. Sexaceto-glucose, C 36II22 22 =
CH10 10 + 6C*H4 4 12HO. Gluco-sexacitric acid, formed from ter-

basic citric acid according to S + 6.5' 2H (thus : C^H^O92 =
C 12H10 10 + 6C 12H8 14

2HO), also belongs to this place.
The lisaccharides, which are similarly divisible into classes, have not

hitherto been obtained. The tersaccharides of the first class, which
would be formed according to 3 S + A 477, are perhaps represented

by jalapin [C
68H66 32=3C 12H10 10 + C32HS0 6

(jalapinolic acid)-4HO]
and by convolvulin [C

62H60 32 = 3C12H 10 10 + C26H24 6

(convolvulinic
acicl) 4HO.] The fourth class of tersaccharides is represented by tri-

galacto-tetratartaric acid (pp. 222 and 318). Among quadrisaccharides,

4$ -j- B 2H, Berthelot ranks glucoso-sulphuric acid.

17. Gaseous ammonia passed over dextro-glucose which is heated

in a water-bath, or to 110, is enegetically absorbed, water holding
carbonate of ammonia in solution distilling over, while a brown, taste-

less, nitrogenous residue remains. (P. Thenard, Bull. Soc. Chim. Paris,

1861, 40; abstr. Compt. rend. 52, 444; Rep. Chim. pure, 3, 207.)
On pouring upon the residue 20 pts. alcohol of 38, it separates

into an insoluble brown residue and a solution. The former, after

being washed with alcohol of 40 and dried in vacuo, contains 52'28

p. c. C., 6-38 H., 9-94 N., and 31-40 0., corresponding, according to

Thenard, with the formula C24H18N2On (calculation 51'79 p. c. C.,

6-47 H., 10'06 N., and 31-680.). It does not evolve ammonia when
boiled with potash ley ; and when heated with potash -ley and hydrate
of baryta to 120, only as much as corresponds to a small part of the

nitrogen it contains, forming at the same time a nitrogenous humous
substance. It dissolves in water, aqueous acids and alkalis, gives

rapidly alterable precipitates with platinum- and mercury-salts, and

reduces amrnoniacal copper-salts. (P. Thenard.)

18. Glucose is decomposed ,by long contact with alkalis, alkaline

earths, and some metallic oxides, forming glucic acid. (P^ligot.) When
glucose is heated with potash-ley, the solution becomes dark-brown,
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evolves a smell of caramel (Lowitz, Heller), and contains, besides glucic

acid, Peligot's m classic acid.

When an alkaline solution of lime in aqueous glucose is allowed to

stand for some time, it loses its alkaline reaction and its power of

giving a precipitate with carbonic acid. If the lime is removed by
means of oxalic acid, a sour unfermeritable liquid remains, containing
glucic. acid together with unaltered sugar. (Peligot.) If air is

excluded, lime forms only a small quantity of glucic acid from glucose
in 14 days, at the same temperature. (Berzelius, Jahresber. 18, 279.)
In solutions containing alkaline carbonates, glucose disappears, when
exposed to the air, more quickly in proportion as they are more dilute.

(Barreswil, N. J. Pharm. 17, 121 ; J. pr. Chem. 50, 140.)
Glucose is coloured brown when heated with alkaline carbonates,

or with ammonia, in the same way as by potash-ley, but not when
heated with alkaline bicarbonates. (Cottereau, J. chim. med. 32, 39.)
The alkaline reaction of potash-ley is completely destroyed when it is

heated with a sufficient quantity of glucose (Hochstetter, J. pr. Chem.

29, 37) ; when 1 at. glucose is present for each atom of alkali.

(Dubrunfaut, Compt.rend. 32, 249.) No formic acid is produced in this

reaction. (Mathey, N. Br. Arch. 72, 289.)
On boiling glucose with baryta-water out of contact with air, a

colourless distillate is obtained, which contains acetone. The solution,
which is at first wine-yellow, becomes dark brown by ebullition, holds

in solution a brown substance, glucate of baryta, and a baryta-salt
whence aceto-formic acid (C

6H4 6

,2IIO) may be obtained by distillation

with sulphuric acid. (Kawalier, Wien. Akad. Ber. 30, 159 ; J. pr.
Clicm. 74, 28; Chem. Gaz. 1858, 421.) On adding to glucose, which is

kept melted in a water-bath, a hot saturated solution of baryta (or

potash- or soda-ley), a violent action takes place, heat is disengaged
and steam evolved, while the mass becomes brown, but still however,
contains principally glucic acid. If the heat is continued, the mass
becomes black, and hydrochloric acid then precipitates from its aqueous
solution, black flocks of melassic acid, which dissolve easily in alcohol

and contain 61 -9 p. c. C., 5-35 H., and 32-750. (Peligot.) Peligot's opinion
that this acid, C24H JUO 10

(calculation: 61'54 p. c. C., 4'27 H.), is identical with

Svanberg's japonic acid from catechu (Pogg. 39, 1 61 )does not accord with the analyses.

[Kr.]
Besides this, a volatile body is also formed, which easily reduces

silver-salts. (Peligot.)

19. A thick syrup of glucose distilled with lime yields an oil, from
which metacetone and phorone (xiii, 342) can be obtained by fractional

distillation. (Lies-Bodart, Compt. rend. 43, 394 ; Ann. Pharm. 100, 354.)

20. Aqueous glucose heated with nitrate of "baryta to 180, for 48

hours, in a sealed tube, yields a body which is insoluble in water and
contains a small quantity of nitrogen ;

while an acid, colourless solu-

tion remains, which quickly colours in the air, and contains neither

nitric acid nor ammonia, but evolves a large quantity of ammonia when
fused at a red heat with hydrate of baryta. (P. Thenard, Bull. Soc.

Chim. Paris, 1861, 61 ; Compt. rend. 52, 795.)

21. By heating aqueous glucose with aqueous carbonate of soda

and basic nitrate of bismuth, a black-brown liquid and grayish-brown

precipitate are obtained (Bottger, Jahrl. pr. Pharm. 22, 19). Glucose
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can be detected in cane-sugar or in urine by means of this reaction (Bottger, J. pr. Chem.

70, 432
;
N. J, Pharm. 32, 371).

22. Crystallised glucose, evaporated with excess of oxide of lead,

loses 11 '14 p.c. (10*4 p.c. according to Guerin-Varry) of its weight,
but the residue is brown and smells of burnt sugar (Berzelius). A
mixture of crystallised glucose with oxide of lead loses in weight
28 p. c. at 110, the sugar being converted into melassic acid (Peligot).

23. Ferric sulphate and chloride are reduced to ferrous salts by boil-

ing with aqueous glucose (Hiinefeld, J. pr. Chem. 7, 44). Ferric

hydrate is reduced in the cold, still more easily on boiling (Kuhlmann,
Compt. rend. 49, 257). An aqueous mixture of 6 pts. tartaric acid,

240 pts. crystallised carbonate of soda, and 5 or 6 parts crystallised
ferric chloride, if heated to boiling, filtered hot, and then mixed with

glucose, becomes darker coloured and deposits a precipitate contain-

ing ferrous 6xide (Lowenthal, J. pr. Chem. 73, 71). 24. A concen-
trated solution of glucose mixed with nitrate of cobalt and a small quan-
tity of fused caustic potash, remains clear on boiling, or, if very con-

centrated, deposits a light-brown precipitate (Reich). The presence of

glucose in a solution of cane-sugar prevents the production of the violet-blue precipitate
which solutions of pure cane-sugar give with solutions of cobalt and potash (Reich,
J. pr. Chem. 43, 72).

25. Honey evolves carbonic acid when brought in contact with

freshly precipitated hydrate of cupric oxide in the cold, and separates
cuprous oxide, whence humus may be extracted by carbonate of soda.

The same decomposition takes place more rapidly, but with separation
of metal, when the mixture is heated (Busch, Ann. Pharm. 4, 57).
Glucose behaves like cane-sugar when boiled with cupric hydrate and
a small quantity of potash, except that reduction takes place more

quickly (Pohl, J. pr. Chem. 63, 361). A concentrated solution of glu-
cose, mixed with an equal quantity of sulphate of copper, acquires an

emerald-green colour when warmed, and deposits metallic copper, while

the supernatant liquid at last becomes brown (Pohl, J. pr. Chem. 63,

361). Honey reduces metallic copper from cupric sulphate or nitrate

when heated, dichloride of copper from cupric chloride (Buchner, JRepert.

2, 1). An aqueous solution of glucose mixed with potash-ley and then
with cupric sulphate, dissolves the cupric hydrate which separates at

first, with a deep blue colour, and deposits cuprous oxide, after some
time in the cold, immediately if heated. The production of this pre-

cipitate makes it possible to detect and distinguish from cane-sugar,
starch, or gum, -rW, o-o~o pt. glucose ; by the reddish coloration of the

solution, T,-O oi^o^o" pt- glucose can be detected (Trommer, Ann. Pharm.

39, 361).

'

Comp. Guibourt (N. J. Pharm. 13, 265). Carbonic acid is formed

during the reduction (also formic acid when the sugar is in excess),

together with a peculiar acid, resembling humic acid, which remains

in combination with the alkali (Mathey, N. Br. Arch. 72, 289). Under
the same conditions, 1 at. glucose reduces 5 at. cuprous oxide (formed
from 10 at. cupric oxide) from a solution of cupric sulphate mixed
with a sufficient quantity of tartaric acid and then with potash, a

solution spoken of in this Handbook as potassio-tartrate of copper or

potassio-cupric tartrate (Comp. p. 313).

Honey, in contact with a saturated solution of verdigris in vinegar,

causes, in the cold, an evolution of carbonic acid which begins after
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12 hours and lasts for several days, and at the same time (whether in

the dark or in sunlight) separation of metallic copper mixed with a

little dioxide. Cupric acetate, when boiled with honey, is reduced

only to dioxide, which is precipitated, for the most part mixed with
humus-like substances. A little dioxide remains dissolved, even when
all the acetic acid has been volatilised by long boiling ;

it must there-
fore be in combination with a non-volatile acid, probably humic acid,
which exists also in the old oxymel aeruginis (Busch). According to

Buchner, honey precipitates cupric acetate only under the influence of

light, Or on boiling. See also Vogel (Schw. 5, 80) ; Baumann (N. Br. Arch. 37,

47).

26. Mercurous nitrate is not altered by aqueous glucose at 100

(Baumann). 27. Glucose throws down metallic silver from aqueous
nitrate of silver, as a black precipitate, on boiling ; from aqueous am-
monio-nitrate of silver, as a dirty-grey precipitate (Baumann). Ammo-
niacal glucose throws down silver as a metallic mirror from aqueous
silver-salts, in the cold or when heated (Liebig). The metal is also

separated when a mixed solution of nitrate of silver and glucose is

allowed to stand for 14 days (Schwertfeger, Jahrb. pr. Pharm. 7, 292).
A solution of glucose, mixed with carbonate of soda, or with potash-
ley, reduces chloride of silver to the metallic state on boiling ;

it reduces
carbonate of silver even at 66 70 (Schiif, Ann. Pharm. 109, 68).
On heating glucose with oxide of silver and potash-ley, oxalic acid is

formed (Liebig, Ann. Pharm. 113, 12). 27. Glucose is not changed
by ebullition with aqueous bichloride ofplatinum (Baumann).

28. If solution of glucose, mixed with indigo, or with solution of

indigo, is boiled, and carbonate of soda dropped in, the liquid is de-

colorised by the conversion of the indigo-blue into indigo-white

(E. Mulder, N. Br. Arch. 95, 268).

29. An aqueous solution of 1 pt. red prussiate of potash mixed with
1

pt. potash-hydrate, and heated to 60 or 80, is decolorised when

aqueous glucose is dropped in. Inverse sugar behaves in the same

way, but cane-sugar and dextrin prepared by roasting (the latter not

even after being boiled for a short time with acids) do not decolorise

the solution. 100 cc. of a solution containing in that bulklO'98grms.
red prussiate of potash and 5J gnus, potash-hydrate is decolorised by
the inverse-sugar formed from 1 grm. of cane-sugar (Gentele, Dlngl.

152, 68 ; Cheni. Centr. 1859, 504 ; Kopp's Jahresber. 1859, 698), Gentele

employs this reaction for the determination of glucose and inverse sugar. Loc.

cit.; further Stammer's objections (Dingl. 158,40; Chem. Centr. 1860, 870), and

Gentele's reply (Dingl. 158, 427; Chem. Centr. 1861, 91). See also p. 308).

30. Dextro-glucose is capable of undergoing vinous fermentation

(p. 265). It is not thereby first converted into another kind of

sugar, certainly not into laevo-glucose ;
for the liquid has, at every

stage of the process, a dextro-rotatory power proportional to the

quantity of glucose contained in it, arid yields crystals of glucose by
evaporation (Ventzke, J. pr. Chem. 25, 78 ; Mitscherlich, Pogg. 59, 94 ;

N. J. Pharm. 4, 216; Dubrunfaut, N. Arm. Chim. Phys. 21, 171).
31. In the lactous fermentation (p. 276) of dextro-glucose, the rotatory

power diminishes constantly in the proportion corresponding to the

quantity of acid formed (Dubrunfaut, ^Y. Ann. Chim. Phys. 21, 175).
VOL. XV. Y
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Eryihrozym acts on glucose in the same way as upon sugar (Schunck,

J.pr. Chem. 63, 222. See also p. 267).
Left to itself in contact with chalk and cheese (gelatin, or other

nitrogenous animal substances) at 40, for weeks or months, an aqueous
solution of glucose is capable, according to Berthelot, of undergoing a

decomposition, different from fermentation properly so-called which
takes place under the influence of yeast, whereby the nitrogenous sub-

stance, as well as the sugar, suffers decomposition, and nitrogen,
carbonic acid, and hydrogen, are evolved, while alcohol, and butyrate
and lactate of lime are formed. Yeast is not produced under these

circumstances, unless air has access to the liquid. In other cases, cells

resembling yeast make their appearance, without any alcohol being pro-
duced ; so that, under these particular conditions, yeast and alcohol

are independent of each other. The chalk may be replaced by many
other carbonates. 50 grms. glucose, SOO^grms. water, 50 grms. chalk

and 20 grms. cheese, left to stand at the mean temperature, produced
at first lactate of lime, but after 5 months this had disappeared, and
the liquid contained butyrate of lime and a quantity of alcohol, amount-

ing to 2 p. c. of the glucose used. Alcohol was also formed after

addition of fatty oil, or of oil of turpentine, but there was no lactate of

lime ; addition of sulphide of carbon prevented the destruction of the

sugar. A mixture of 1 pt. glucose, 10 pts. water, i
pt. cheese, and

1 pt. magnesia alba contained, after 5 months, alcohol, lactate, and a

small quantity of butyrate of lime, the sugar being completely
destroyed. In this and in some of the following cases, it remained
doubtful whether or not yeast was formed. The same products were
formed when an equal quantity of carbonate of baryta was used
instead of the magnesia. Alcohol was obtained when the carbonates of

zinc, manganese, iron, nickel, and lead, or peroxide of manganese,
oxide of zinc, cupric oxide, metallic iron, or metallic zinc were used
instead of the magnesia ; with oxide of lead and carbonate of copper,
no alcohol was obtained. Alkaline carbonates, or borate, phosphate, or

hyposulphite of soda, added in equal quantity, did not prevent the pro-
duction of alcohol. By caustic soda, the sugar was destroyed without

yielding alcohol ; with sulphite of soda or lime, it remained unaltered.

When the magnesia was replaced by carbonate of ammonia, alcohol was
formed at the same time as a peculiar acid, the lime-salt of which was

deliquescent, and contained at 110, 36'6 p. c. carbon, 5'2 hydrogen,
and 18-9 lime, nearly corresponding to the formula C leH14Ca2 16

. (Ber-

thelot, N. Ann. Chim. Phijs. 50, 351. See also p. 279.)

32. If oil of vitriol is gradually added to aqueous solution of ox-

gall, until the precipitate at first produced is re-dissolved, the liquid

assumes, on addition of a small quantity of solution of glucose, a violet-

red colour, similar to that of a solution of permanganate of potash.

Cane-sugar and starch also act in the same way. (Pettenkofer, Ann.
Pharm. 52, 90.) According to Pettenkofer, this reaction is applicable to the detec-

tion of sugar in urine, and also in blood, after removal of albumin by boiling with
alcohol. Many other protein-compounds, likewise oil-fat, oil of almonds,
and many other oils, behave like gall. (M. S. Schultze, Ann. Pharm. 71,

266.) The extractive matter of healthy urine employed in place of

sugar, produces the same coloration, which may sometimes be obtained
with ox-gall, oil of vitriol and a small quantity of water only. (Van
den Broek, /. pr. Chem. 39, 362.) f . According to Schunck (Phil Mag.
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f4], 23, 179) the extractive matters contained in healthy urine yield,
when decomposed in aqueous solution by means of strong acids, a

sugar possessing the composition and some of the properties of glucose,
but uncrystallised and insipid, ^f.

Concerning the supposed formation of fat from sugar by means of bile, see Hand-
Inch, viii, Zoochem. 58; Merckel (Ann. Pharm. 59, 74; J. pr. Chem. 40, 118);
Schiel (Ann. Pharm. 58, 96); Herzog (.V. Br. Arch. 47, 149). On the decompo-
sition of sugar by saliva see Handbuch, viii, Zoochem. 23 ; by the intestinal juice,
ibid. 92; by the pancreatic juice, ibid. 89, and during digestion, ibid. 580, and else-

where.

Combinations. With Water. Melted glucose deliquesces at first when
exposed to the air by absorption of water (7'9 p. c. : Guerin-Varry) and

solidifies, as soon as the quantity of water is sufficient for the formation

of crystals, to a crystalline, granular mass. (Gehlen, Mitscherlich).
Glucose dried without being- melted, absorbs no water when exposed to

the air. (Bechamp, Compt. rend. 42, 900). The crystals of anhydrous
glucose, obtained from alcohol, if dissolved in a small quantity of water
and evaporated over oil of vitriol, are found to have taken up a quantity
of water amounting to only 3'1 p. c. of their weight. Anhydrous glucose
appears, therefore, capable of existing for some time in aqueous solu-

tion. (0. Schmidt). An aqueous solution evaporated to a thin syrup
solidifies after a few days to a granular mass

;
if evaporated to a thick

syrup, it does not solidify, owing to the absence of sufficient water,
until it has absorbed more water from the air.

a. Mono-hydrdied glucose. Anthon's hard-crystallised glucose Pre-

pared on the manufacturing scale by a process that is kept secret.

In the crystallised state, air-dried, it contains C 13H12 12
,HO, and does

not diminish in weight when placed over oil of vitriol at 13. (Anthon,
Dingl. 151, 213; Chem. Centr. 1859, 289.)

b. Bi-hydrated glucose. Crystallised glucose. Generally obtained in

white, opaque, granular hemispherical or cauliflower-shaped masses,
with occasional shining surfaces. The crystals are seen under a mag-
nifying glass to be 6-sided tables, whose lateral faces cut each other
at angles of about 120. They are not, like the similar crystals of

lactose, pea-shaped and thicker in the middle, and are not so hard
as the latter, but more brittle, and less frequently isolated and well de-

veloped. (Pasteur, Compt. rend. 42, 349). Mitscherlich obtained on one
occasion transparent well-formed crystals, as much as 0'5 millim.

long (bi-hydrated ?), which shewed double refraction. (Biot, Compt.

rend.^
23, 909).-Grates between the teeth. Brittle. Sp. gr. 1-3861.

(Guerin).
Becomes soft at 60, softer still at 65, losing a small quantity

of water; at 70 it becomes doughy ; at 90 100 it deliquesces to a
thin syrup, and loses in all 9 '8 p. c. water. (Guerin-Varry). It melts
between 70 and 80, if dried in vacuo between 90 and 100 (Bechamp),
at 86 (0. Schmidt), loses 9 9'1 p. c. water (by calculation, 2 at. =
9-09 p. c. water). (Peligot.) In a stream of dry air, it loses only hygro-
scopic water at 50, but between 55 and 60, part of its water of

crystallisation, and, if kept at this temperature for a few hours, it may
be heated to 80 or 100 without melting. (Bechamp, Compt. rend.

42, 898.)

Y 2
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Saussure. Prout. Guerin.
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absolute alcohol, the solution being decolorised by animal charcoal and
mixed with alcoholic potash, yields white crystals, which, in absence of

free alkali, may be recrystalliscd from hot alcohol. (Winckler, Jahrb.

pr. Phann. 18, 100.) If free alkali is present, the alcoholic solution

becomes brown when heated in the air. Winckler likewise obtained
this compound from horse-radish sugar. On the preparation of glucosate of

potash from urine, see p. 312.

Soda-compound. Obtained like the potash-compound. (Winckler.)
- With borax, glucose behaves like cane-sugar (p. 284). (Stiirenberg,
N. Br.Arch. 18, 279.)

Glucose with Chloride of Sodium.
- Dextro-glucose forms two or more

compounds with chloride of sodium. (Stadeler.) The rotatory power
of glucose is not altered by addition of chloride of sodium to its solu-

tion. (Pasteur.)

a. With more than 1 at. Chloride ofSodium. By evaporating diabetic

urine, saturated with common salt, very small crystals are sometimes

obtained, which contain 1 1^ p. c. water, and more chloride of sodium
than the crystals of 5, corresponding nearly to the formula
C 12H 12 12

,2NaCl. (Stadeler, Ziiricher Mitth. 3, 468; Pharm. Centr.

1854, 930.)

b. With 1 at. Chloride of Sodium. Calloud obtained from glucose
and common salt, crystals containing 25 p. c. chloride of sodium, the
existence of which was afterwards called into question. The slow

evaporation of diabetic urine saturated with common salt furnishes well-

formed crystals, but without sufficient lustre to admit of measurement.

They contain on an average, 23'01 p. c. chloride of sodium, and lose

3*35 p. c. water at 130. (Stadeler.)

12 C
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system. (Fig. 65.) Rhombic prism u of 120 12', the acute lateral edges

being truncated by if. t : u 119 54'. The summit is formed by the

rhombic octahedron, a and the dome z; the rhombohedron q belongs to

an imperfectly developed obtuse rhombic octahedron. In favour of this

view (and in opposition to Kobell & Schabus's opinion) is the fact that

the crystals are not, as is the case with crystals belonging to the hex-

agonal system, optically uniaxial, and also that their solution possesses

rotatory power. (Pasteur. See v. KobelPs reply, J. pr. Chem. 69,

217). According to von Kobell & Schabus, the crystals are rhombe-
hedrons belonging to the hexagonal system. Dihexahedric combina-
tions of two rhombohedrons (Fig. 131), the faces r, and those similarly

situated, being but slightly developed ; a more obtuse rhombohedron q

forms, by perpendicular truncation of the combination-edge r : r*2 and of

the corresponding edges, a three-faced summit imposed on the alternate

faces of the dihexahedron
; the combination-edge r-2 : r4 and the corre-

sponding edges are truncated bythe six-sided prism s (Fig. 139). Schabus
observed also the basal faces p. Crystals of another habitus showed
him the two rhombohedrons (Fig. 131) more equally developed, the

horizontal edges being truncated by d, and the 2- and 2-edged summits
truncated by s. r:r2 = 77 42' (Schabus) ;

r : r' =. 126 40 (Schabus) ;

r:r4 12Q 30' (Kobell), 127 30' (Schabus); r : q 161 30'

(Kobell.) The crystals examined by Schabus were from diabetic urine

and were brown, opaque, and had no perfectly plane faces. (Kobell,

Eepert. 35, 411; J. pr. Chem. 28, 489. Schabus, Krystallgestalten,

Wien, 1855, 21, erroneously called glucose. Pasteur, N.Ann. Chim. Phys.

31, 95 ; Compt. rend. 42, 350. See also Marx, Scliw. 52, 479 ;

Studer, Ann.Pharm. 14, 314.

Molecular rotation to the right [a],;
= 47*14, corresponding to

the quantity of glucose contained in the compound. In a freshly pre-

pared solution, it exhibits, like glucose, birotation (p. 314) (Pasteur.)

Sp. gr. 1-56 1-58 (Hunt, Sill. am. J. [2] 19, 416.) Hardness like

that of sugar-candy. Taste sweet and saline.

The crystals contain water and are permanent in the air, but
become opaque by standing over oil of vitriol ; they then lose gradually,
more quickly if powdered, 2 at. water (on an average 4-34 p. c. : Erd-
mann $- Lehmann). They lose their water still more quickly in a

stream of air a^lOO . (Erdmann & Lehmann, Soubeiran.) This com-

pound loses 6 p. c. water at 160 in vacuo (Peligot), but begins to be

decomposed even at 140 ; at 150 it evolves a distinct smell of caramel,
and at 156 160 becomes brown (Erdmann, J.pr. Chem. 16, 247).
Dissolves easily in water

; very difficultly (Brunner), easily (Calloud),
soluble in alcohol. (Peligot, Ann. Chim. Phys. 67, 143. Brunner,
Ann. Pharm. 31, 195. Erdmann & Lehmann, J.pr. Chem, 13, 111.

Soubeiran, N. J. Pharm. 9, 332).

24 C
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volvulin and convolvulic acid, but ordinary glucose gave the same compound and not

the compound a.

Lime-compound. A freshly prepared solution of hydrate of lime in

aqueous glucose is precipitated with alcohol. (Peligot.) Soubeiran

agitates glucose with milk of lime, adds a small quantity of glucose
to the filtrate to neutralise the excess of lime, and precipitates with
alcohol. It does not become perfectly dry till it has stood a long time
in vacuo. (Soubeiran.)

12 C
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Colourless mass, scarcely sweet to the taste. Turns the plane of

polarisation to the right, somewhat less strongly than dextro-glucose.

Does not ferment immediately, but only after being treated with

dilute acids, which convert it into glucose.

Conjugated Compounds of Dextro-glucose.

Sulphosaccharic Acid.

C48H40 40
,S

2 6
?

PELIGOT. Ann. Chim. Phijs. 67, 168.

TraubenzucJcer-schwefelsaure. Acide tgtraglucososulpliurique (Berthelot, Chim.

organ. 2, 280). See page 318. On Sulphamidonic acid see page 104
;
and on Sulpho-

lignic or Lignosulphuric acid, page 164. Known only in combination with water or

with bases.

1J pt. oil of vitriol is added, by small portions, to 1 pt. of glucose
melted at the heat of the water-bath, the mixture being continually

stirred, and the vessel, if necessary, plunged into cold water. If the

glucose is impure, or the heat rises too high, the product becomes
somewhat brown, which, however, does not affect the purity of the

lead- salt. The mixture, diffused in a large quantity of water, is satu-

rated with carbonate of lime ; acetate of baryta is added to the filtrate

as long as a precipitate of sulphate of baryta is thereby produced, and
the liquid again filtered, is precipitated with basic acetate of lead. If

the liquid, after precipitation with acetate of baryta, still remains

brown, the colouring matter is removed by a small quantity of basic

acetate of lead, and the pure salt is precipitated from the filtrate by a

larger quantity. The precipitate, washed, and decomposed under

water with hydrosulphuric acid, yields aqueous sulphosaccharic acid,

which tastes at the same time sour and sweet, reddens litmus, decom-

poses when evaporated in vacuo, and more quickly over the water-

bath, into glucose and sulphuric acid, and forms salts, almost all of

which are soluble.

Lead-salt at 170.
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Ethyl-glucose.

w = C 12IP08
,2C

4HS0.

BERTHELOT. N. Ann. Chim. Phys. 60, 103; Chim. organ. 2, 301.

Giucovinester. Produced from 1 at. dextro-glucose and 2 at. alcohol,
with elimination of 6 at. water :

C i2H i2O i2 + 2C4HCO2=C20H 18O10
-f 6HO.

A mixture of cane-sugar, bromide of ethyl, and hydrate of potash
is heated in a sealed tube to 100 for several days, and the product,
when cold, is treated with ether ; ethyl-glucose is thereby dissolved,
and may be obtained by evaporation as a colourless oil. Has a bitter

taste and a faint, agreeable odour. Not volatile.

20 C
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and burns with an odour of caramel. Carbonised by oil of vitriol ;

slowly decomposed, by boiling with dilute sulphuric acid, into acetic acid

and dextro-gliicose ?/
which is further partly resolved into humous sub-

stances. With alcoholic hydrochloric acid, it forms acetate of ethyl and

dextro-glucose. Hexaceto-glucose reduces potassio-cupric tartrate.

Dissolves abundantly in water, but not in all proportions, and is

precipitated from the solution by chloride of calcium. Soluble in

alcohol and in ether (Berthelot),

Bibutyro-glucose.

BERTHELOT. N. Ann. Chim. Phys. 60, 96 ; Chim. organ 2, 290.

Dibutyringlucose. Glucose butyrique. A monosaccharide of the second order

(p. 317) :

C12H12O12 + 2C8H8O4=C^HTO14 + 6HO.

Formation. Produced in larger quantity from cane-sugar, dextro-

glucose, or trehalose ; in small quantity from dextrin, by heating with

butyric acid. Traces of the same or a similar compound are obtained

when cotton or paper is heated with oil of vitriol and butyric acid.

Preparation. Butyric acid is heated with cane-sugar or anhydrous
dextro-glucose to 100 for 50 or 60 hours; the mass is exhausted with
alcohol ; and the solution filtered and evaporated. The residue is mixed
with concentrated aqueous carbonate of potash, a lump of caustic

potash being added to neutralise it completely, the mixture is shaken

up with ether, the ethereal layer is decolorised with animal charcoal,
and the filtrate is evaporated over the water-bath.

Properties. Pale yellow, viscid oil which produces grease-spots on

paper. Neutral, very bitter, with a slightly aromatic odour, Retains
water obstinately.
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Glucosuccinic Acid.

A mixture of cane-sugar and succinic acid in equal numbers of

atoms, heated to between 120 and 130, melts to a brown syrup, with

elimination of water. The product is an acid compound of glucose
with succinic acid, which decomposes at 100, with formation of humus,
and forms with lime a salt soluble in water, insoluble in alcohol,

See page 259 (Van Bermmelen, Ko-pp's Jahresber. 1858, 436).

Glucotetratartaric Acid.

BERTHELOT. N. Ann. Phys. Chim. 54, 78 ; abstr. Compt. rend. 45, 268 ;

JV. J. Pharm. 33, 95 ; Chem. Gaz. 1857, 441 ; /. pr. Chem. 73, 159.

Chem. organ. 2, 295.

Glucotartaric acid, belongs to the monosaccharides of the fourth order (p. 317).
Different from the glucobitartaric acid obtained from cane-sugar and tartaric acid

(p. 259), which is a monosaccharide of the second order.

Formation. By heating dextro-glucose with tartaric acid :

Occurrence. Appears to exist in grapes at the time of ripening.
When expressed grape-juice is satuarated with chalk, filtered, strongly
concentrated, filtered again, precipitated with 2 vol. alcohol, and the

precipitate purified by washing with weak alcohol, re-solution in water,
and re-precipitation with alcohol, a lime-salt is obtained which reduces

potassio-cupric tartrate like glucotetratartrate of lime, and is re-

solved by acids into dextro-glucose and an acid which exhibits the

character of tartaric acids.

Preparation of the Lime-salt. An intimate mixture of equal parts of

dextro-glucose and tartaric acid is heated for a day or two to 120 in an

open vessel ; the cooled mass is triturated with carbonate of lime and a

small quantity of water
;
and the liquid is filtered. Tartrate of lime, with

the excess of carbonate, then remains on the filter, while the solution

contains the lime-salt of the new acid, together with excess of glucose.
On precipitating this solution with twice its volume of alcohol, collecting
the precipitate, washing it with dilute alcohol, dissolving in water,

again precipitating with alcohol, and repeating the same series of

operations a third time, the lime-salt is obtained free from sugar. It

is dried for a week or a fortnight in vacuo, then completely by heating
it to 110.

Aqueous glucotetratartaric acid is obtained by decomposing the lime-

salt with excess of oxalic acid.

The aqueous solution of the acid and its salts is gradually resolved,

by boiling, into dextro-glucose and tartaric acid, the decomposition
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being accelerated by a small quantity of sulphuric acid. The lime-

and magnesia-salts reduce potassio-cupric tartrate. Not ferment-

able.

Glucotetratartaric acid is quadri-lasic. The baryta- magnesia- and
lead-salts are obtained like the lime-salt, by using carbonate of baryta,

magnesia, or lead, instead of carbonate of lime. The salts still retain

water at 110.

Lime-salt. White amorphous powder, 100 pts. of which reduce as

much potassio-cupric tartrate as 23 pts. of dextro-glucose (calc, 22-5 pts.)

After drying in vacuo, it gives off 14'1 p. c. water at 110 (15 at. =
14-4 p. c.).
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When dextro-glucose is heated with citric acid, and the product
treated in the manner already described for the tartaric acid compound
(p. 333), the lime- (or magnesia- ) salt is obtained, which reduces

potassio-cupric tartrate, and appears to consist of

(Berthelot).

Bibenzoyl-glucose.

C40H18()U

BERTHELOT. N. Ann. Chim. Phys. 60, 98 ; Chim. organ. 2, 293.

Dibenzoylglucose, Glucose lenzolque or dibenzoique. A monosaccharide of the

second order (p. 318).

Obtained by heating benzoic acid with dextro-glucose or cane-

sugar to 100 for 50 hours, and purified like bibutyro-glucose (p. 332).
The same (or a similar) compound is produced by heating benzoic acid with trehaloseto

180, or with cotton to 200, also, at ordinary temperatures, in a mixture of cotton, oil

of vitriol, and benzoic acid; in all cases, however, only in small quantity.

Neutral, semi-fluid oil, which produces grease-spots on paper.
Tastes bitter and pungent.

40 C
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Proust (N. Gehl. 2, 77); but no certain mode of discrimination was
known, till Biot showed that the different kinds of sugar may be dis-

tinguished from one another by their rotatory power. Lsevo-glucose
was first obtained in the pure state by Dubrunfaut.

Lsevo-rotatory inverse-sugar, the mixture of Isevo- and dextro-glu-
cose in equal numbers of atoms produced by the inversion of cane-

sugar (p. 254), was frequently mistaken for dextro-glucose, or regarded
as a peculiar sugar convertible into cane-sugar by molecular alteration,
till its true nature was pointed out by Dubrunfaut. The following
substances, which have been regarded as peculiar sugars, appear to

be mixtures resembling inverse-sugar.
a. Mitscherlich's Caramel. Obtained by heating cane-sugar with

a small quantity of water to a temperature somewhat above 160 in

the chloride-of-zinc bath. Amorphous, slightly-coloured mass, desti-

tute of rotatory power (Mitscherlich, Pogg. 59, 96). According to

Gelis (Compt. rend. 48, 1062), it is perhaps a mixture of dextro-glucose,
levolusan (p. 338), and lasvo-giucose, produced by the action of water
on levolusan.

b. Ventzke's Syrup-sugar. Obtained by the continued boiling of an

aqueous solution of cane-sugar between 105 and 106. Colourless

syrup, without rotatory power, and not acquiring any by prolonged
boiling. Under these circumstances, according to Soubeiran, inverse

sugar is produced, which often contains unaltered cane-sugar (Ventzke,

J.pr. Chem. 25, 75).
c. Soubeiran's Chylariose, or Liquid Sugar from Honey, having a rota-

tory power [oi]j
= 43*51 at the temperature of 13. Doubtless

leevo-glucose, not perfectly freed from dextro-glucose (Soubeiran,
N. J. Pliarm. 16, 252).

d. Michaelis' Null- and Links-teutlose. The existence of these

sugars is inferred by Michaelis from the rotatory power of certain

beet-juices (J.pr. Chem. 74, 385 ; Chem. Centr. 1858, 904).

Occurrence of Lcevo-glucosc. As inverse-sugar in honey, in many
fruits and other sacchariferous vegetable organs, (pp. 339 and 305.)
The isolated occurrence of lasvo-glucose has not been demonstrated with

certainty ; nevertheless some kinds of apple and pear contain more
laevo- than dextro-glucose, perhaps because the mixture of these two
substances in equal numbers of atoms first produced by the inversion

of cane-sugar, has already suffered an alteration chiefly affecting the

dextro-glucose (Buignet, N. Ann. Chim. Phys. 61, 264).

Formation. 1. In the inversion of cane-sugar (p. 254) by water,
dilute acids, yeast, or the peculiar substance of fruits, a mixture of

Isevo- and dextro-glucose is produced (Dubrunfaut). 2. By boiling
levulosan (p. 338) with water or dilute acids (Gelis, Compt. rend. 48,

1062). 3. The sugar produced by continued heating of inulin (p. 115)
with dilute acids, is laevo-rotatory (Biot, Ann. Chim. Phys. 62, 28 ;

Bouchardat), and identical with Isevo-glucose (Dubrunfaut). This sub-

stance is likewise produced by continued heating of inulin with water (Dubrunfaut).
Unwashed sour yeast also converts inulin into sugar (Bouchardat).

Preparation. From Inverse sugar. When 10 grms. inverse-sugar are

intimately mixed with 6 grms. hydrate of lime and 100 grms. water,
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the mass which is liquid at first, solidifies after a certain amount of

agitation, and yields, by strong pressure, a solution of the lime-com-

pound of dextro-glucose, while the solid residue, washed and decom-
posed with oxalic acid, yields Igevo-glucose (Dubrunfaut). The inverse

sugar occurring in fruits, may be decomposed in like manner (Buignet,
N. Ann. Chim. Phys. 61, 270).

The inverse sugar occurring in fruits (p. 240), may be obtained, in the absence of
other kinds of sugar, by neutralising the juice with chalk, evaporating the nitrate,

exhausting the residue with alcohol of 0'85, evaporating the solution, and dehydrating
the residue at 110. (Buignet.)

Properties. Colourless, uncrystallisable syrup (Dubrunfaut), amor-

phous solid mass (Bouchardat) ; after heating to 100, = C I2H12 12
.

As sweet as cane sugar. Purgative (Dubrunfaut). Rotatory power
varying with the temperature [<*]./= 106 at 14C. ;= 79'5
at 52C; = 53 at 90C. (Dubrunfaut). The hevo-rotary power of

inulin-sugar was found by Bouchardat to be at least three times as great as that of

inverse-sugar, and likewise variable according to the temperature. Dubrunfaut
remarked that when inulin (C

MHWO10
,SHO) is boiled with acids, the rotatory power

increases to f of its original amount, whence the calculated value of [a]j for inulin-

sugar is 101, and for inulin, 38'43.

The supposition that Isevo-glucose may be converted into dextro -glucose by boiling
with acids or by molecular alteration, has been refuted by Dubrunfaut.

The rotatory power of inverse sugar likewise varies with the tem-

perature as well as that of laevo-glucose, as observed by Mitscherlich

(Pofjg. 59, 94) and Ventzke (J. pr. Chem. 28, 101) in inverse sugar and
in honejr. The molecular rotatory power of inverse sugar amounts,
for C 12HI2 12

,
to [a],/= -28 at 14 C; at 52 it is only half as

great, at 86 it disappears altogether, and at still higher temperatures
the inverse sugar becomes dextro-rotatory (Dubrunfaut). The mole-
cular rotatory power, which for C 12H12 12 at 15 C is [a]/= -26
decreases by 0*37 for each degree above 15 and increases by the same
amount for each degree below (Buignet, N. Ann. Chim. Phys. Gl, 238).
Inverse sugar heated in the water-bath contains, on the average,
39-97 p. c. C., 6-67 II., and 53'36 0., corresponding to the formula
C 12H12 12

(Soubeiran, N. J. Pharm. 9, 357; Mitscherlich).

Decompositions. Lasvo-glucose when heated yields a product

analogous to the glucosan (p. 329) of dextro-glucose, but more easily

decomposible (Gelis, Compt. rend. 51, 331 ; Zeitschr. Ch. Pharm. 4, 57).

Probably therefore leevolusan (Kr.). Lasvo-glucose in contact with

yeast undergoes vinous fermentation, without previous conversion into

another kind of sugar. (Dubrunfaut). The other reactions of Isevo-glucose
have been studied only with fruit-sugar containing dextro-glucose : they agree with those

of dextro-glucose. On the behaviour of inverse sugar when heated with water, see

page 253; with acids (p. 254) ; in vinous fermentation (p. 274) ; in lactous fermentation

(p. 279) ; and other places. *[. When sodium-amalgam is added to an aqueous
solution of cane-sugar, inverted by the action of dilute sulphuric acid,
the excess of acid having been removed, evolution of hydrogen entirely
ceases as soon as the liquid has become slightly alkaline, heat is evolved,

and, when the action is complete, the solution is found to contain man-
nite. (Linncmann, Ann. Pharm. 123, 136. See Mannite.) f .

* Combination. With Lime. Lsevo-glucose forms with lime a soluble

basic compound, analagous to that of dextro glucose, which absorbs
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oxygen from the air and decomposes. A second compound, containing
3 at. lime to 1 at. laevo-glucose, forms sparingly soluble microscopic

needle:?, and is decomposed by water when exposed to light and air,

the whole deliquescing and the sugar undergoing decomposition

(Dubrunfaut).

On the behaviour of inverse sugar to lead-oxide, see page 289. The compounds of

fruit-sugar obtained by Soubeiran (N. J. Pharm. 9, 329) were obtained with inverse

sugar or honey, and doubtless belong to dextro -glucose. (Kr.)

Lsevo-glucose is more soluble in alcohol than dextro-glucose.

Appendix to Lcevo-glucose.

Laevolusan.

C 12H10 10
.

GELIS. Compt. rend. 48, 1062 ; Chem. Centr. 1859, 712 ;
N. Ann. Chim.

Phys. 57, 234 ; Kopp's Jahresber. 1859, 547.

Saccharide.

Seepage 247. Cane-sugar quickly heated to 160, and kept in the

melted state at that temperature for a moderate time, is converted into

a mixture of equal numbers of atoms of leevolusan and dextro-glucose,
the latter of which may be removed by fermentation. The remaining

liquid (which has a dextro-rotatory power [a],/
= 15 for C 12II10 10

)

leaves, when evaporated, a syrup, which does not crystallise even when
kept for years, but contains Isevolusan partly unaltered, partly meta-

morphosed.
Lsevolusan is converted by boiling water and by dilute adds, into a

fermentable laevo-rotatory sugar, which reduces copper-solution and
is probably identical with Ircvo-glucose.

Maltose.

BIOT. Compt. rend. 15, 710 ; 42, 351.

DUBRUNFAUT. N. Ann. Chim, Phys. 21, 178; /. pr. Chem. 42, 441;
abstr. Lieb. Kopp. Jahresber. 1847, 793.

The sugar produced from starch-paste by the action of malt (or
diastase p. 90) is, according to Dubrunfaut, different from dextro-glu-
cose. It is the first fermentable product formed from starch-paste by
the action of acids, or the last formed by the action of glutin or by
spontaneous decomposition (p. 91) (Dubrunfaut) ; Guerin-Vany (Ann.
Chim,. Phys. 60, 32) (who however did not determine its rotatory power), could not

perceive that the sugar formed with diastase differed in any respect from dextro-glucose.
The molecular rotatory power of a sugar prepared by Jacquelain,

by heating starch in a Papin's digester with y^ oxalic acid, was found

by Biot to be \_oi]j 100'6. According to Dubrunfaut, this sugar
was a mixture of maltose and dextro-glucose. The sugar from a false

manna mentioned on page 305 might also, according to Biot, be referred
to this head.
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Maltose is prepared from starch-paste by the action of malt (some-
what in the manner described at page 311), and purified with alcohol.

Forms crystals similar to those of dextro-glucose, but with a mole-
cular rotatory power three times as great, and not stronger in a

recently prepared solution than after the lapse of several hours.
Hence it does not exhibit the bi-rotation of dextro-glucose mentioned at page 314.

It expands in crystallising. It is converted into dextro-glucose by
boiling with dilute sulphuric acid. By aqueous alkalis it is not quite so

easily altered as dextro-glucose. By fermentation it yields as much
alcohol as dextro-glucose, without previous conversion into that sub-
stance. When a mixture of dextro-glucose and maltose is fermented,
both kinds of sugar are decomposed simultaneously, not one before

the other. Maltose is somewhat less soluble in alcohol than dextro-

glucose (Comp. Saussure's observations, p. 308). (Dubrunfailt.)

Mannitose.

C 12H12 13
.

GORUP-BESANEZ. Ann. Pharm. 118, 273.

When mannite is oxidised under the influence of platinum -black,
carbonic acid, formic acid, mannitic acid, (C

12II12 U
vid. inf.) an unfer-

mentable substance and a fermentable sugar (mannitose) are produced.
The last of these substances, which has not been obtained in the sepa-
rate state is distinguished from dextro-glucose by the fact that it does
not exhibit any molecular rotatory power, even in concentrated aqueous
solution.

In the preparation of mannitic acid by leaving a moist mixture of

1 pt. mannite and 2 pts. platinum-black in contact with the air at a

temperature between 30 and 40, and lixiviating the resulting acid

mass with water, a solution is formed containing mannitic acid, the

unfermentable substance, and mannitose ; and on precipitating- the
mannitic acid with basic acetate of lead, and treating the filtrate with

hydrosulphuric acid, the unfermentable substance and the mannitose
remain in the filtered liquid, and are obtained by evaporation as a

mixture, which, however, is difficult to free from acetic acid ; hence, to

prepare the latter substance, it is better to heat the aqueous solution of

the acid mass with carbonate of lime, filter when the neutralisation is

complete, and precipitate with alcohol. The liquid filtered from pre-

cipitated inanimate of lime, if concentrated to a certain extent, further

precipitated with alcohol, and then completely evaporated, leaves a

yellow syrup which cannot be made to crystallise, even after decolora-

tion with animal charcoal, but if evaporated in vacuo, and finally at

100, appears as an amorphous gum.
This gum may be regarded as a mixture of about one-third man-

nitose and two-thirds of an imfermentable substance perhaps indentical

with mamiitan. The gum contains 43'06 p. c. carbon, G'92 hydrogen, and
50-02 oxygen, corresponding perhaps to the formula C 121112 12

,2C
12I1 12 10

(calc. 42-52 C., 7-0811., 50-40 0.). It does not produce the least deflec-

tion of the plane of polarisation, even in concentrated solution
; it

exhibits with alkalis, with citric oxide and potash, with basic nitrate of
z 2
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lismuthj carbonate of soda, and other reagents, the same behaviour as

dextro-glucose, but is not capable of uniting with chloride of sodium,

Its alcoholic solution mixed with alcoholic potash forms a semi-fluid

yellow precipitate containing 11-27 p. c. potash, corresponding to the

formula 2C 12H12 12.KO. The quantity of carbonic acid evolved in the

vinous fermentation of this gum which is easily set up as well as

the amount of potassio-cupric tartrate which it is capable of reducing,
shows that it must contain a quantity of mannitose, equivalent to

32 '5 6 p. c. dextro-glucose. If the mannitose be decomposed by fer-

mentation, the unfermentable substance remains, on evaporation, as a

yellow-brown neutral varnish having a faint taste, soluble in water
and in alcohol, insoluble in ether, and emitting an odour of caramel
when burned. (Gorup-Besanez).

Appendix to Dextro-glucose and the Allied Sugars.

General View of the G-lucosides.

Succharides (Berthelot), (Sacc7taroffens, p. 309) They occur both in the

vegetable and in the animal kingdom.

Formation. None of the naturally occurring glucosides have been

prepared artificially ; but Berthelot has obtained compounds analogous
to the glucosides (see Saccharifies, p. 316), and Hlasiwetz has ob-

tained from phloretic acid and phloroglucin a product corresponding to

phloretin, but containing the proximate constituents in different pro-

portions.

Laurent's views on the composition of glucosides, see Compt. rend. 31, 353;
35, 163; N. Ann. CMm. Phys. 36, 330 ; for Delffs' formula, see N. Jahrb. Pharm.

11, 356 ; Walz's N. Jahrb. Pharm. 11, 358.

Decompositions. The resolution of glucosides into glucose, or a cor-

responding product, and a second body, takes place for the most part
on boiling with dilute mineral acids. Or it is produced by heating the

glucoside with aqueous alkalis or baryta-water. In this latter case,

according to Rochleder (Wien. Akad. JBer. 24, 32), crystallisable sugar
is sometimes obtained, whereas the decomposition with acids yields

only uncrystallisable sugar. Or the separation is effected at mean
temperature, and in presence of water, by nitrogenous substances

occurring either in the same plants as the glucosides, or in others.

Emulsin decomposes amygdalin and many other glucosides ; myrosin
decomposes myronic acid; erythrozym decomposes rubian. Some
glucosides are likewise decomposed by yeast and by saliva. The
products of the decomposition are often further altered by the action
of the air or of the acid employed.

For the separation of the decomposition-products from the gluco-
fiides, Rochleder (Wien. Akad. Ber. 24, 34) gives the following method.
The substance, contained in a flask, is treated with dilute hydrochloric
acid ; the flask is connected, on the one side with a carbonic acid

apparatus, on the other with a Liebig's condensing tube. The air

contained in the flask is displaced by carbonic acid, and the flask is

heated in the water-bath, or, if necessary, in a chloride of calcium
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bath. A.s soon as tin* decomposition is complete, the contents of the.

flask are left to cool in a stream of carbonic, acid; any product that

may have separated out is collected ; and the filtrate containing the

sugar, hydrochloric acid, and sometimes other soluble products of tho

decomposition, is mixed with pure carbonate of lead, the addition of

which is continued as long" as effervescence ensues, after which it

is warmed and white lead (prepared by precipitating basic acetate
of lead with carbonic acid gas, and washing) is added, whereby
basic chloride of lead is precipitated. The precipitate is collected on a

filter and carefully washed ; moist phosphate of silver is added to the

filtrate as long as any reaction ensues between this salt and the dis-

solved chloride of lead, and till the yellow colour of the phosphate of

silver remains visible. The liquid is then filtered ; any silver that may
be dissolved in the filtrate is precipitated with a very small quantity
of while lead; the liquid is heated till the white colour of the preci-

pitate passes into cream-colour, then cooled, filtered, treated with

hydrosulphuric acid, and filtered again, and the filtrate is evaporated.
Colourless sugar then remains, in case such sugar was formed by the

decomposition of the glucosides, whilst the second decomposition-
product, even if originally soluble in water, is generally rendered
insoluble by the white lead.

The distilled liquid obtained by heating a glucoside with hydro-
chloric acid, contains, together with hydrochloric acid, any volatile

product that may have been formed in the decomposition. It is neu-
tralised with baryta or carbonate of baryta, heated to decompose
acid carbonate of baryta, concentrated by evaporation, the greater
part of the chloride of barium removed by crystallisation, the rest by
sulphate of silver, and the filtrate further examined.

Aesculin is resolved, by heating with dilute acids, into sesculetin

and sugar :

C60H33 37 + 3HO = 2C1SHC 8 + 2C12H J-O12
. (Rochleder & Schwartz.)

Zwenger and Delffs give other formulae.

The sugar forms crystals, which melt at 100, are sweeter than

grape-sugar, and, like that substance, reduce potassio-cupric tartrate.

According to earlier analyses by Rochleder & Schwartz (Wien. Akud.
JJer. 10, 76), it contains, at 100, 37'71 p. c. carbon, 6'92 hydrogen,
and 55'37 oxygen, corresponding to the formula C 12II12 12

,I10 ; accord-

ing to their more recent analyses (Wien. Akad. Ber. 11, 334), it con-

tains, at 100, 40-50 p. c. C., 7-38 H., and 52-12 0, agreeing with tho
formula C 12J112 12

. It is fermentable.

Ami/gdali>i, in contact with emulsin and water, is resolved into

sugar, bitter-almond oil, and hydrocyanic acid :

C'ONH^O22 + 4HO = 2C12H12 12 + C 14H 6 2 + C2NH. (Liebig & Wohler, 1837.)

The sugar thus produced is identical in every respect with dextro-

giucose (0. Schmidt).
Apiin, boiled with dilute acids, is decomposed, with separation of

Hocks. The lil irate, freed from acid, leaves, on evaporation, a sweetish
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syrup, which, when boiled with potassio-cupric tartrate, deposits

cuprous oxide, but does not give off the odour of caramel when burnt,
does not ferment in contact with yeast, cannot be made to crystallise,
and dissolves but partially in alcohol, with separation of yellow flocks.

Von Planta & Wallace cannot see in these results any evidence of decomposition, and
therefore do not regard apiin as a glucoside.

Arbutin (C
24II16 U

),
boiled with dilute acids, or in contact with

emulsin, is resolved into hydrokinone (Kawalier's arctuvin) and

grape-sugar (Kawalier) :

C24H i6 i4 + 2HO = C' 2H 6 4 + C^HisO12
. (Strecker.)

The sugar forms crystals which exhibit the properties of grape-sugar,
and when dried at 100 or in vacuo, contain 36'64 p. c. carb., 7'05 hyd.,
and 56'31 ox., corresponding to the formula C 12HU U

(Kawalier, Wien.
Akad. Ber. 9, 293).

Arnicin (C
70H54 14

,
or C^IFO10

) is decomposed by heating with dilute

acids, with separation of dark flocks and formation of a substance
which reduces cupric oxide (Walz).

Benzohelicin is resolved by boiling with dilute acids or aqueous
alkalis (not by emulsin), into benzoic acid, salicylous acid, and grape-
sugar :

C4oH20Oi6 + 4HO = C14H6O4 + C14H6O4 + C12HI2 12
. (Piria.)

Bryonin is resolved, by boiling with dilute acids, into bryoretin,

hydrobryotin, and sugar :

C96HsoO33 + 4HO = C42HK 14 + C42H37O15 + C12H 12O12
. (Walz.)

Caincin (C
82H26 U

) is resolved, in like manner, into chiococcaic acid

and sugar (Rochleder & Hlasiwetz).
Chitin, boiled for 12 hours, or longer, with a mixture of 1 vol. oil of

vitriol and 4 vol. water, is resolved, with evolution of ammonia, into

amorphous sugar and a second body not yet isolated. Perhaps in this

manner :

C19NH 15O12 + 4HO = C12H 12O12 + C6NIF04
. (Stadeler.)

The sugar is fermentable, and reduces cupric tartrate (Berthelot,

Compt. rend. 47, 230).

Colocynthin is resolved, by boiling with dilute acids, into colo-

cynthe'in and sugar :

2HO = C^HS-^O 13 + C12H 12 12
. (Walz.)

Convallarin is decomposed in like manner into convallaretin and

sugar :

2CH31 + 2110 = 2C28H280<5 + C12H 12 12
. (Walz.)

Convallamann yields under the same circumstances, convallamaretin
and sugar :

C46H440-4 = C40H36 16 + 4C
12H 120" + 2HO. (Walz.)

Convolvulin and Convolvulic add arc resolved, by oil of vitriol or

alcoholic hydrochloric acid, the former with assumption of 5 at., the

latter, of 2 at. water, into convolvuliriol and sugar :



GENERAL VIRW OF THE GLUCOSIDES. 343

+ 8IIO = C'-WO? + 3C 12H 13 12
. (W. flayer, Kayscr.)

Convolvulic acid.

Convolwtlin-sugar. When Kayscr {Ann. Pharm. 51, 98) decom-

posed convolvnliii by passing hydrochloric acid gas into the alcoholic

solution, and, after leaving the mixture to itself for 10 days, extracted

the resulting convolvulinol with ether, there remained an acid liquid,

which was neutralised with carbonate of lead, filtered and evaporated.
From the residue, absolute alcohol extracted a sticky translucent

sweetish mass, Avhich reduced cupric oxide, yielded crystals when

brought into contact with common salt, fermented with yeast, and
exhaled the odour of sugar when burnt on platinum-foil. Mayer,
after decomposing convolvulic acid with dilute sulphuric acid, and

removing the convolvulinol, saturated the liquid with carbonate of

lead, treated the filtrate with sulphuretted hydrogen, evaporated it to

y
1

^, removed the separated convolvulin by agitation with ether,

evaporated further, and thus obtained a brown sweetish syrup, which
behaved like grape-sugar, when burnt, also with an alkaline cupric

solution, with bile, with sulphuric acid, with water, and with alcohol

whether aqueous or absolute, but did not form a crystalline compound
with common salt, and could not itself be made to crystallise. This

syrup mixed in alcoholic solution with an alcoholic solution of baryta
not in excess, formed a precipitate composed like monoglucosate of

baryta (p. 328). (Mayer, Ann. Pharm. 83, 138).
Crocin is resolved by dilute acids into crocetin and crocin-sugar :

C58H42O3o^HO 4- 4}HO = C^H^O 11 + 2C 12H 12 12
.

Qrodn-sugar, obtained by decomposing crocin in the manner
described above, is easily crystallisable, sweet, and reduces from

potussio-cupric tart-rate, half as much cuprous oxide as dextro-glucose
(Rochleder & L. Mayer, Wien. Akad. Ber. 29, C).

Cyclamin solidifies when heated with aqueous hydrochloric acid,
with formation of sugar and separation of a second product. (De
Luca.)

Daphniti is resolved by boiling with dilute acids, into daphnetin and

sugar :

C^H^O38 + 4HO = C^ETO18 + 2C12H 1-O12
. (Zwenger.)

Datiscin, treated in the same manner, yields datiscetin and sugar :

C42H22Q24 = C30H 10O12 + C12H 12 12
. (Stenhouse.)

The sugar is obtained by evaporation, after removal of the datis-

cetin and the sulphuric acid, as a sweet syrup, which solidifies in the

semi-crystalline form after standing for some time, and reduces

potassio-cupric tartrate at 100 (Stenhouse, Ann. Pharm. 98, 171).
Walz's Digitalin is resolved by boiling with dilute sulphuric acid,

into digitaliretin, paradigitaletin and sugar. Walz supposes the re-

action to consist of two stages : a. Resolution of digitalin into

digitaletin and sugar :

C5GH4Qo-8 + 2HO = C'niW + C12H 12O 12
.

b. Further decomposition of the digitaletin, partly, with abstraction
of 4 at. 110, into paradigitaletin, partly into digitaliretin and sugar :

C"H iSO 13 =
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Walz's digitaletin decomposed by dilute acids yields the products above
mentioned (Walz, Delffs). Kosrnann's digitalin and digitalic acid,

which differ from Walz's compound in composition and properties, are

resolved by dilute acids into digitaliretin (which however is not the
same as Walz's) and sugar. Decomposition of digitalin :

C54H45Q30 + 4HQ = C30H25O 10 + 2C12H12O12
. (Kosmann.)

Euxanthic acid (C
42H18 22

: Erdmann) is, according to W. Schmid (Ann
Pharm. 93, 88) a glucoside, which is decomposed by oil of vitriol into

euxanthone and sugar. According to Erdmann, the products formed
in this reaction are euxanthone and hamathionic acid (lead-salt =
C14H'O 12,SO3

,3PbO); on the other hand, euxanthic acid decomposed by
heat yields euxanthone C40H12 12

,
carbonic acid and water. The latter

decomposition, as well as the formulas of euxanthic acid and euxan-

thone, is inconsistent with Schmid's supposition ; nevertheless
Erdrnann's hamathionic acid bears some resemblance to sulphamidonic
acid and other compounds of like nature. (Kr.)

Fraxin heated with acids yields fraxetin and crystallisable sugar :

C54H300** + 6HO = C3 H12 1G + 2C 12H 12 12
. (Rochleder.)

Gallo-tannin is resolved by boiling* with acids into gallic acid and

glucose :

C54H22 + 8HO - 3C"H0 10 + C12H12 12
. (Strecker.)

For observations of contrary tendency see gallo-tannin. The sugar exhibits

the reactions and composition of dextro-glucose. (Strecker, Ann. Pharm.

90, 331.)
\ By heating 50 grm. gallotanninwith 50 grm. oil of vitriol and 450 grin,

water to 90 for three days, and filtering off the gallic acid, a black

saccharine solution is obtained, which when neutralised with carbonate

of lead, mixed with a slight, excess of neutral acetate of lead, concen-

trated, freed from lead by sulphuretted hydrogen and decolorised by
animal charcoal, agrees perfectly with grape-sugar in rotatory power,
fermentation and reaction with potassio-cupric tartrate. (Buignet, JV.

Ann. Chim. Phys. 61, 287.)
The iodine-compound of a tannin occurring in sweet fruits is likewise

decomposed, with formation of dextro-glucose, by boiling with dilute

sulphuric acid. (Buignet.)
Gelatin. When isinglass is boiled for some days with dilute

sulphuric acid, sulphate of ammonia is formed together with a fer-

mentable sugar. (Gerhardt, Traite 4, 509). Hyaline cartilage and

rib-cartilage, boiled with hydrochloric acid, yield large quantities of

glucose (Fischer & Bodeker, Ann. Pharm. 117, 111).

Globularin, boiled with dilute sulphuric acid, yields globularetin

(part of which changes into paraglobularetin C 24HU 6

[p. 39]) and

sugar :

C6oH44 3S = 2C24H 16OS + C12tT2 12
. (Walz.)

Glycyrrhizin is resolved, when its aqueous solution is boiled with

hydrochloric acid, into glycyrrctin and glucose. Perhaps in this

mauner.

C 4S H-"O'-3 -* 2IIO - C ;i

''U
J(5O' + C !2H !-O''.
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T'i(> uncrystallLsablo sugar exhibits tlic characters of grape-sugar

(Gomp-Besanez). Rotatory power not determined.

(irutiolin is resolved, by boiling with dilute sulphuric acid, into

gratioletin, gratiolaretin and sugar :

2C40H0 14 C^H-SQ 10 + C34H-8OG + C12H12 12
. (Walz.

Gratioletin. Gratiolaretin.

m in contact with aqueous acids or alkalis is resolved into

gratiosolctin and sugar :

2C46H4-023 = 2C40H34 1
"
+ C12H12 12 + 4HO.

The gratiosoletin thus formed is further resolved by boiling into hydro-
gratioeolaretin and sugar :

2C*>H(F = 2C34H28O 11 + C12H12 12
.

Part of the hyclrogratiosoleretin is further converted, with elimination

of 2 at. water, into gratiosoleretin, C 34H26 9
. (Walz.)

Heliantkic acid. This name is applied by Ludwig & Kromayer
(TV

7
. Ur. Arch. 99, 1, and 285) to a substance, obtained from the seed of

the sunflower (HeUanthus annuus), which is insoluble in cold water arid

in alcohol, not fermentable, and reduces potassio-cupric tart-rate only
after boiling with acids.

Helicin heated with acids or alkalis, or in contact with emulsin or

yeast, is resolved into salicylous acid (xri, 235) and dextro-glucose :

C26Hico14 + 2HO = C 14H6 4 + C 12H 12O12
. (Piria.);

The complete identity of this sugar with dextro-glucose is shown

by Schmidt's experiments on salicin-sugar. Chlorhelicin (C
26C1H16 U

)

exhibits a similar reaction, yielding, however, chloro-salicylous

(xii, 294) instead of salicylous acid. (Piria.)

Helico'idin is resolved by emulsin into saligenin, salicylous acid and

glucose :

C52H34O23 + 4HQ = C14I18O4 + C14HRO4 + 2C I2H12 12
. (Piria.)

Indican is resolved by acids or alkalis, indiccmin by acids, into indi-

glucin (p. 302) and other products. (Sclmnck.) See Indican.

Jalappm in contact with dilute mineral acids is resolved in jalap-

piiiol and sugar :

C68II3CQ32 + HHO = C3-H3107 + 3C12H 12 12
.

Jalappic acid, which contains 3 at. water more, is decomposed in like

manner, with assumption of 8 at. water. (W. Mayer.)
Khtnriit is resolved by alcoholic hydrochloric acid into kinovic acid

and kinovin-sugar :

C60H48O 16 + 2HO = C^H^O3 + C 12H12 10
. (Hlasiwetz.)

Kinovin-sugar is obtained from the alcohol containing hydrochloric
acid after separation of the kinovic acid, either by Rochleder's

method (p. 340), or as follows : The liquid is neutralised with anhy-
drous carbonate of soda (or carbonate of lead), and filtered ; the pre-

cipitate washed with a small quantity of strong alcohol ; the alcohol

distilled off; and the remaining
1

liquid evaporated to dryness over the
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water-bath. The thick residue is dissolved in water, the solution,

filtered from the undissolved portion, is evaporated, and the residue is

digested in absolute alcohol. The alcoholic solution, when evaporated
leaves the kinovin-sugar, to be purified, if necessary, by re-solution

and decoloration with animal charcoal. Amorphous, solid, deliques-
cent mass, having a faint, somewhat bitter taste. Gives off water
when continuously heated over the water-bath. Dried at 100, it

contains 43*34 p. c. carbon, 7'72 hydrogen, and 48*94 oxygen, answer-

ing to the formula C 12Ii12 10
. It is isomeric or identical with mannitan.

Smells like caramel when heated. Reduces potassio-cupric tartrate

only in concentrated solution. Dissolves completely in alcohol.

(Hlasiwetz, Ann. Pharm. Ill, 118.)
Kinovatannic acid is resolved, by boiling with dilute sulphuric acid,

into kinova-red, and a substance which behaves with cupric sulphate
and potash-ley like grape-sugar. (Hlasiwetz.)

The Lijcopodium-bitter of Kamp & Bodeker reduces potassio-cupric
tartrate after boiling with dilute acids, but not in its unaltered state,
and should therefore perhaps be regarded as a glucoside.

Mem/antlim, boiled with dilute sulphuric acid is resolved into sugar and
an oil which smells like bitter almonds. (Ludwig, N. Br. Arch 108, 84.)

Myronate of potash is decomposed in contact with myrosyn (x, 54)
and water, yielding oil of mustard, sugar, and other products. (Ludwig
& Lange, Zeitschr. Ch. Pharm. 3, 577.) The formula C20NH19S4 18

,KO
(
= C 8NIFS2 + KO,S

2O + C 18H"0M) given by Ludwig & Langc, is,

according to Will & Korner (Ann. Pharm. 119, 376), more correctly
C 20NII18KS4 20 and contains the elements of oil of mustard C8NH5S2

,

glucose C 12II12 12 and bisulphate of potash S2KII08
. Ludwig & Lange

also found sulphate of potash among the products of the reaction, but
no sulphite.

Ononin is resolved by boiling with dilute acids, into forrnonetin and

glucose (Hlasiwetz) :

CeoH34O26 = c48H20O12 + C12H 12 12 + 2IIO.

Onospin is resolved under similar circumstances into ononetin and

sugar (Hlasiwetz) :

C5SH34O2-1 = C^H^O12 + C12H12 12
.

Such is the view of the reaction given by Limpricht (Grundr. d. org. Chem. Braun-
schw. 1854, 680.) For Hlasiwetz's formulae, see Ononin.

The sugar formed from ononin and onospin by the action of dilute

sulphuric acid, remains in solution after the second product of the

decomposition has been removed by filtration, the sulphuric acid by
carbonate of lead, and the excess of lead by sulphuretted hydrogen,
and is obtained by evaporation as a very sweet fermentable syrup, in

which granular crystals form after a few days. These crystals melt
at the heat of the water-bath, to a viscid syrup, which remains soft

after a day's drying and exhibits all the reactions of grape-sugar.
(Hlasiwetz, Wien. A/cad. Ber. 15, 153.) Rotatory power not examined.

Paristyphnin boiled with dilute sulphuric acid is resolved into paridin
and sugar

4HO -
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Tli<> pftridiii thus produced is resolved, by boiling with a largcr'quantity
of dilute sulphuric acid ( ?

), into puridol and sugar :

CMH56O2S + 2HO = C^H^O 18 + C 12H 12O13
. (TValz.)

Plulijr'ui is resolved by boiling
1 with dilute hydrochloric acid into

philygvnin and grape-sugar; by lactous fermentation, into philygcnin
and the products of the decomposition of grape-sugar:

+ 2IIO = C'-H-4O 12 + C 12H 1?O12
. (Bertagnini.)

From the solution freed from philygenin and hydrochloric acid (by car-

bonate of lead), the sugar crystallises, after evaporation and re-solution

in alcohol, in warty masses exhibiting the properties of grape-sugar.
(Bertagnini, Ann. Pharm. 92, 110.)

Pldorliiziii is decomposed by dilute acids, not by emulsin, yielding

phloretin and sugar (Stas) :

20 + 2HO = C30!! 1^10 + C 12H 1:O 12
. (Strecker.)

Phloretin boiled with alkalis is resolved into phloretic acid (xiii, 308)
and phlorogiucin (p. GG) :

C3oH i4 io + 2HO = C181W + C^EW. (Hlasiwetz.)

Phlorhizin-sugar is difficult to crystallise, and exhibits the proper-
ties and composition of crystallisable grape-sugar. (Stas, Ann. Pharm.

30, 200.) It reduces the same quantity of cupric oxide as dextro-glu-
cose. (Roser, Ann. Pharm. 74, 178.)

Pinipicrin splits up into ericinol and sugar when its aqueous solu-

tion is heated with acids:

2C !2H 12O 12
. (Kawalier.)

Ericolin treated with dilute acids yields the same products in other

proportions :

9II = C2 H5C 2 + 4C12H 1:: 12
. (KochleJer & Schwarz.)

The sugar produced from pinipicrin is rendered uncrystallisable by
the foreign substances contained in it ; at 100 it becomes soft ; at com-
mon temperature it is solid and brittle, and is easily reduced to a

yellowish powder containing 2 p. c. ash, and after deduction of this,

39'06 p. c. C., 6'62 II., and 54'o2 0., corresponding approximately to

the formula C 12H12 12
. (Kawalier, Wien. Akad. Ber. 11, 352.)

Populin, when boiled with dilute acids, splits up into benzoic acid,
saliretin and glucose (Piria) :

C40HS2Q16 + 211 = C I4H fiO 4 + C14H R 2 + C12H 12O 12
.

Prophetin is decomposed by ebullition with hydrochloric acid into

propheretin and sugar :

C4GH 3c ii = C'H-rO^ + iOTTO 12
. (Walz.)

Qucrcitrin is decomposed by dilute sulphuric acid into qucrcetin and

qucrcitrin-sugar (Rigaud) :

- + 2C 1=IIO 12
. (Hlasiwetz.)

Quercetin is further decomposed by boiling with potash-ley into
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quercetic acid and phloroglucin (p. 65). (EQasiwetz.) The same pro-
ducts are obtained, but in different proportions by the decomposition
of Alpha-quercetin :

C5SH20 24 + 4HO = C34H 12 1G + 2C 12H C S
. (Hlasiwetz.)

Quercitrin-sugar is obtained as a light-yellow syrup, which solidifies

in a crystalline mass on standing for a few clays over sulphuric acid,

by filtering off the quercetin, separating the sulphuric acid by car-

bonate of baryta, evaporating on the water-bath, decolorising with
animal charcoal, and again evaporating. It has a sweeter taste than

dextro-glucosc. Does not rotate the plane of polarisation. Dried in

vacuo, it contains 34'78 p. c. C., 7'24 H., and 57*98 0., corresponding
to the formula C 13H12 12

,3HO (calc. : 34;65 p. c. C., 7'47 H.) When
warmed with potassio-cupric tartrate, it immediately reduces the same

quantity of cuprous oxide as would be reduced by dextro-glucosc.

(Rigaud, Ann. Pharm. 90, 195.)
Schunck's Rulianic acid splits up into alizarin and sugar when boiled

with dilute sulphuric acid, or with aqueous alkalis, or by contact with
water and erythrozym. C 62H29 27 + 5HO = 2C 14II5 4

(Alizarin, accord-

in* to Schunck ; see xiv, 137) + 2C 12H12 12
. Rochleder's Ruberythric acid,

(j72fp>Q4o or C66H3I 31
, perhaps identical with the last substance, yields

the same products when heated with hydrochloric acid. C72II40 40 =
3C20II6 6 + C 12H12 12 + 10HO, or C 66II31 31 = 2C20HG 6 + li C 12H12 12

+ 3HO. (Rochleder.)
In the complicated decomposition of Schunck's Rubian by the same

reagents and by chlorine, sugar is obtained together with various

other bodies. Rubihydran and RubideJiydran behave in the same way.
(Schunck.)

Salicin is decomposed into saligenin (xii, 233) and glucose by con-

tact with emulsin :

CMHisoH + 2110 = C14H8 4 + C12H12 12
. (Piria.)

The sugar is in every respect identical with dextro-glucose. (Schmidt.)

By boiling with dilute acids, saliretin is obtained in place of saligenin

(xii, 232). (Piria.)

Saponin is decomposed into sapogenin and saponin-sugar or glucose,
when boiled with dilute acids. (Overbeck ; Rochleder & Schwarz, sec

p. 54.) See Saponin for the conjectural equation of decomposition.) Scncglll

(isomeric with saponin, according to Bolley) yields, besides sapogenin, a

substance which reduces potassio-cupric tartrate. (Bolley.)

Saponin-sugar remains in solution 'after the sapogenin has been
filtered off, the acid removed by carbonate or oxide of lead, and the
excess of lead by hydrosulphuric acid ; and, by treatment with animal

charcoal and evaporation, is obtained as a tasteless, yellowish brown
residue, easily soluble in water. (Rochleder & Schwarz, Wien. Akad.
Ber. 11, 339.) When saponin is decomposed with dilute sulphuric
acid, glucose remains in solution after removal of the excess of acid,
and may be obtained crystallised by evaporation. It has a sweet taste,
and reduces an alkaline solution of cupric oxide in the cold. (Overbeck,
N. Br. Arch. 77, 135.) Bolley did not succeed in determining saponin-
sugar (by means of an alkaline solution of cupric oxide ?). (Ann. Pharin.

91, 120.) Crawfurd obtained gum, but no sugar, from saponin, by
means of dilute sulphuric acid. (Pharm, Vicrtc/j. G, 361.) Saponin*
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sugar dried at 100 contains, according- to llochlcder & Schwarz,
41-99 p. c. C., G-55 II., and 51'4G 0., corresponding to the formula
C 12H 110".

^immony-resin (C
MIP'083

) and Scammonic acid (C
68HfleOM3HO) split

up into scammonolic acid and sugar when boiled with dilute acids (or
with baryta-water) :

C63H5CO32 + 10HO = C^H^O6 + 3C12H 12 12
.

Like jalapin (p. 345), therefore, but with the difference that, instead of

the product corresponding to jalappinol (which is converted by strong-
bases into jalappic acid), a product containing 1 at. water less is

formed. (Spirgatis. On the (highly probable) identity of scammony-resin with

jalappin, see the compounds with 32 at. carbon.)
The sugar remains in solution after separation of the scamnionolic

and sulphuric acids, and can be obtained in sweet-tasting laminae

grouped in cauliflower-like shapes, which behave like glucose with

sulphate of copper and potash-ley, when heated, and when fermented.

(Spirgatis, Ann. Pliarm. 116, 305.)
Smilacin is slowly decomposed when boiled with hydrochloric acid,

with separation of a jelly and formation of sugar. (0. Gmelin, Delffs,

AValz.)
Solanin splits up into solanidin and glucose, when boiled with dilute

acids :

+ 61IO = C^NIW- + 3C12H 12O 12
. (Zwenger & Kind, O. Gmelin.)

The sugar crytallises well, and possesses the reactions and com-

positions of dextro-glucose. (Zwenger & Kind, Ann. Pharm. 118, 149.)

Rotatory power not determined.

T/nijin is decomposed, by heating its alcoholic solution with dilute

acids, into tlmjetin and sugar :

C->OHO + 4HO = C-SH I4 16 + CttH'-O12
.

When it is heated for a shorter time, thujinenin C28II12 14

may also be
formed in place of the thujetin. Thujin, heated with baryta-water,

yields thujetic acid and sugar:

C40H22O24 + HO = C- sH n O- 3
-{- C12H12O12

. (Rochleder & Kawalier.)

When thujin has been decomposed by acids, the sugar remains in

solution after removal of the thujetin and sulphuric acid (by carbonate
of baryta), and, by evaporation and drying at 100, is obtained as a

colourless mass, which is easily reduced to a white powder when cold,

and contains 39'83 p. c. C., and 6*81 II., corresponding to the formula
Qi2jji2Qi2. if s aqlieous solution does not crystallise even after standing
for several months; it reduces the same quantity of cupric oxide as

dextro-glucose. The sweet sugar of the same composition, produced
by the action of baryta-water, solidifies (after removal of the baryta '

;y

dilute sulphuric acid, of the excess of sulphuric acid by basic acetate

of lead, and of the lead by hydrosulphuric acid) to a crystalline mass
when its solution is allowed to stand a short time after evaporation
on the water-bath. (Rochleder & Kawalier, Wien. AJcad. Ber. 29, 12.)

Xanthorhamnin is decomposed into rhamnetin and sugar by boiling
will i dilute acids :

6IIO = C"II 10O 10 + 2C12H12O12
. (Gellatly.)
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Sorbite.

i2 or C24II24 24
.

PELOUZE. Compt. rend. 34, 377 ; N. Ann. Chim. Phys. 35, 222
;
N. J.

Pharm. 21, 321 ; Ann. Pharm. 83, 47; J. pr. Chem. 56, 21
; Pharm.

Centr. 1852, 257.

Sorbite exists in ripe mountain-ash berries, the fruit of Sorbus Aucuparia. (Hand-
Inch, viii, Phytochem. 17.) Byschl (N. Repert. 3, 4) did not succeed in obtaining

crystals of sorbite from the juice of fresh mountain-ash berries, but found instead an

amorphous, unfermentable sugar (Byschl's amorphous sorbin], which dissolved easily
in alcohol.

Preparation. The expressed juice of mountain-ash berries, gathered
towards the end of September, produces deposits and vegetations when
left to itself for 13 or 14 months, and at last becomes clear again.
The clear liquid is decanted and evaporated to a thick syrup, when it

yields repeated crops of crystals, which are obtained pure by two crys-
tallisations with help of animal charcoal.

Properties. Colourless, transparent, hard crystals, belonging to

the rhombic or right prismatic system. Fig. 53 without i and a. Rhom-
bic prism y, whose edges are perpendicularly truncated by p arid m ;

further the right terminal face t ; between t and m the horizontal

prism w, and between y and m a second rhombic prism y. y : y over

^>r=142 53' (obs.); u:u over = 141 11' (obs.); u:u over m =
38 49' (calc.); y:y over m = 37 7' (calc.),

= 30 26' (obs.); yip =
161 26' (calc.); y:m = 10S 33' (calc.), =108 10' (obs.); y':y =
164 20' (obs.) ;

u : t = 160 35' (calc.) ; u:m = 109 24' (calc.) ; y : u
= 96 4' (calc.),

= 96 32' (obs.) (Bcrthelot, N. Ann. Chim. Phys. 35,

222).
Grates between the teeth. As sweet as cane-sugar. Sp. gr. 1*G54

at 15. Molecular rotatory power at 7 temperature, [a] j = 46*9,

only slightly variable with the temperature, and just as great in a

freshly-prepared solution (Berthelot, Chim. organ. 2, 252). Contains

equal numbers of atoms of carbon, hydrogen, and oxygen : hence, no

doubt, it is C 12H12 12
(Pclouze).

Decompositions. 1. Gives off acid water when heated, and is con-

verted after some time at 150 180 into a dark-red mass, which
consists chiefly of Pelouze's sorblC acid. [Not the same as Hofmann's sorbic

acid (Ann. Pharm. 110, 129; Chem. Soc. Qu. J. 12, 43.)] On dissolving the

residue, which is insoluble in water, aqueous acids, or alcohol, in aqueous
ammonia or potash, a dark-brown solution is obtained, from which

hydrochloric acid throws down amorphous dark-red flakes ; these

contain, after drying between 120 and 150, 57'96 p. c. C., 5'51 II.,

and 36'53 0., corresponding, according to Pelouze, with the formula

C 32H18 15
. Their solution in ammonia-water gives coloured precipitates

with metallic salts; with lead-salts one containing 51 '35 p. c. lead-

oxide, C32H18 16
,3PbO, according to Pelouze. 2. Sorbite melts when

quickly heated on platinum-foil, and burns away with a smell of cara-
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mcl. 3. Ilot nitric acid converts it into oxalic acid (Pclouzc.) Oxi-

dising a^vnts also produce raceniic acid (x. 346) from sorbite (Des-
suignes, Bull. .S'oc. Cldm. Paris, 1801, 32). 4. Not altered when heated

inui dilute acids i
coloured reddish-yellow by oil of vitriol, charred on

healing. \Vhen heated for several hours with fmnmg hydrochloric acid,

it is converted into humous substances in the same way as glucose

(p. .",15). (Berthelot, Cldm. organ. 2, 252.) 5. Sorbite, heated to 100
Avith tartaric acid, yields a small quantity of a substance belonging to

the class of sacchavides (p. 31G), whoso lime-salt reduces potassio-

eupric tartratc (Berthelot, N.Ann. Chim. Phys. 54, 82). 6. Becomes
brown when heated with potash-ley, and evolves a smell of caramel.

Heated with lime, hydrate of baryta, or oxide of lead, it behaves in

the same way. 7. The solution of cupric hydrate in aqueous sorbite,
and aqueous solution of sorbite mixed with potassio-cupric tartrate, deposit

cuprous oxide when warmed or left to stand. 8. Not fermentable
with yeast (Pclouzc), not even after being heated with acids, but, when
left to stand in contact with cheese and chalk, at 40, it suffers a decom-

position which gives rise to a large quantity of lactic acid, alcohol, and

butyric acid, without previous formation of a fermentable sugar

(Berthelot, N. Ann. Chim. Phys. 50, 350).

Combinations. Dissolves in about pt. cold water. The saturated

solution has sp. gr. 1*372 at 15. Forms, with chloride of sodium, a com-

pound crystallising in cubes. Aqueous sorbite dissolves hydrate of lime

and hydrate of baryta. The solution of the former deposits flocks when
heated, decomposition occurring at the same time.

Sarlitewith Lead-oxide. Aqueous sorbite dissolves oxide of lead; it

docs not precipitate basic acetate of lead, but on addition of ammonia
throws down a white precipitate, which, w^hile being dried, smells of

caramel, and contains, on the average, 74'5 p. c. oxide of lead, 11-2 C.,

and 1-48 II., corresponding to the formula C 12H9 9
,4PbO (calculation:

7-1.1 p. c. lead-oxide, 12'0 C., and 1-5 H.) (Pelouzc).

Aqueous sorbite dissolves cupric hydrate. It is insoluble in cold,

slightly soluble in boiling, alcohol (Pelouze).

Inosite.

C 12H12 13
.

J. SCIIKKKII. Ann.Phnnti. 73, 322; J. pr. Chem. 50, 32; Pharm. Centr.

1 *."><, 122; N. J. Pharm. 18, 71; Liel. Kopp. Jahrcsler. 1850, 537.

Wurzl. medic. Verhandl. 1851, 2, 212 ; Ann. Pharm. 81, 375 ; J.pr.
Chem. 54, 405; Pharm. Centr. 1852, 192; Lieb. Kopp. Jahresber.

1851, 552.

VOIIL. Ann. Pharm. 99, 125; abstr. J. pr. Chem, G9, 299; N.Ann.
< 'him. Phys. 48, 380. Ann. Pharm. 101, 50 ; J. pr. Chem. 70, 489 ;

Chem. Centr. 1857, 356; together with the first paper: Lieb. Kopp.
Jahresber. 1856, 667. Ann. Pharm. 105, 330: abstr. J.pr. Chem.

71, 125; Chem. Centr. 1858, 446; Kopp's Jahrcsler. 1858, 489.

CLOETTA. Zilrichcr Xaturf. Verhandl. 3, 102 and 4, 174; Ann. Pluirm.

99, 289; /. pr. C/tcut. 66, 211 aud 70, 112; abstr. N. Ann. Chim.
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Phys. 40, 369; Clwm. Gaz. 1850, 61; Lieb. Kopp. JaJiresbei: 1855,
747 and 1856, 708.

Tnosin, Phaseomannite. Discovered by Scherer in 1850. E. Simon,

(N. Br. Arch. 29, 186), designates &s Phaseolin a substance, extracted

by ether from the alcoholic extract of white beans, which yields, with

cmulsin, a volatile oil.

Occurrence. In the muscle of the heart (Scherer). In the lungs,

kidneys, liver, and spleen of oxen (Cloetta), also in the brain (W. Miil-

ler). In the human kidneys, and in the urine of a sufferer from Bright's
disease (Cloetta). At most, to the extent of ^ p. c. Many other

parts of the animal organism have been examined in vain for inosite.

(SeeHandbuch,\iu,Zoochem. SO, 205, 489, 512). In green kidney-beans, the

unripe fruit of Phaseolus vulgaris (as much as f p. c.) (Yohl).

Preparation. From organs of the animal body. 1. The muscle of the

heart, or other organs containing inosite, is exhausted with water as

directed (x. 250) in the case of creatine, the phosphates are precipitated
from the liquid by baryta-water ; the filtrate is evaporated ;

and the

creatine allowed to crystallise out. The mother-ley is treated with
dilute sulphuric acid to remove the dissolved baryta, and, after removal
of the sulphate of baryta, heated as long as volatile acids escape. It

is then, in order to remove the last traces of volatile acids and of

lactic acid, repeatedly shaken up with ether as long as anything is

taken up from it. The liquid, separated from the ether is mixed with
alcohol till a turbidity begins to appear ; then, after standing for some
time, it is poured off from the precipitated sulphate of potash, and
mixed with more alcohol, whereby crystals of inosite mixed with sul-

phate of potash are obtained. The crystals of the former are picked
out and dissolved in a small quantity of warm water, which leaves the
more difficultly soluble sulphate of potash, and are purified by recrys-
tallisation (Scherer). 2. The fresh-chopped tissue is covered with

water, and allowed to stand for 24 hours in a cool place with frequent
stirring ; the liquid is then separated and the residue pressed ; the solu-

tion is heated with a little acetic acid to separate albumin and hsema-
tin ; strained, evaporated on the water-bath to one tenth

; precipitated
with sugar of lead, and filtered

;
and the filtrate is mixed with basic

acetate of lead, whereupon inosite is thrown down in combination with
oxide of lead, accompanied, when these are present, by uric acid, cystin,
and other substances. The precipitate, after being somewhat washed, is

decomposed under water by hydrosulphuric acid, and the liquid fil-

tered from the sulphide of lead ; it then sometimes deposits crystals of

uric acid, and when evaporated to a small bulk on the water-bath, and
mixed with alcohol till a turbidity is produced, it yields crystals of

inosite (Cloetta). Sugar of lead may also be added at once to the

water used for making the extract (W. Miiller.) 3. The liquid from
which the inosite is to be separated is concentrated by evaporation,
and mixed, boiling, with three or four measures of alcohol ; if a large

precipitate, which sticks to the bottom, is thus produced, the liquid is

poured off hot, but if only a slight, not sticky, precipitate is produced,
the hot solution is filtered through a previously heated funnel, and left

to stand for 24 hours, when crystals of inosite are deposited, and are
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washed with a small quantity of cold alcohol. If the precipitate
caused by hot alcohol is dissolved in a small quantity of boiling water,
and treated like the first solution, a further quantity of inosite is

obtained. In case no inosite separates from the cooled solution, the

crystallisation, may be facilitated by adding ether till a turbidity remains
after shaking (Cooper Lane, Ann. Pharm. 117, 118).

From French beans. The fruit cut i: ) in the bean-mill is hung in

a pressing bag for half an hour in boiliu water, or in steam, whereby
it is rendered fit for pressing; the expre ed liquid is then evaporated
to a syrup on a water-bath, and alcohol is added till a permanent tur-

bidity is produced. The crystals which form are purified by repeated
crystallisation from water with help of animal charcoal (Vohl). Vohl

formerly destroyed the sugar of the beans by fern, o a Nation at the beginning.

Properties. Anhydrous inosite is obtained by drying crystallised
inosite at 100 or in vacuo, as a white effloresced mass, which melts

only at a temperature exceeding 210
,

then yielding a colourless

liquid, which solidifies in the crystalline state when quickly cooled, and
to an amorphous mass when cooled slowly, but does not lose weight or

undergo further alteration (Scherer). White, opaque crystals of an-

hydrous inosite separate when the aqueous solution is cooled below 0.
(Vohl.) Tastes purely sweet. Has no rotatory power. (Vohl.)

12 C
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sulphate yields, on addition of potash-ley, a bluish green precipitate which

quickly disappears on addition of excess of potash. No cuprous oxide

separates from the solution on boiling, but a light blue precipitate falls

when the liquid is left to stand for several days. (Scherer.) Aqueous
inosite yields, when heated with potassio-cupric tartrate, a green solution,
whence a bulky green precipitate separates, the supernatant liquid

again becoming blue. After removing the precipitate, the filtrate

shows the same change of colour when heated. (Cloetta.) The change
of colour, which occurs on heating the deep azure-blue mixture of

inosite and potassio-cupric tartrate, is not remarkable, and is due, as

well as the production of the precipitate, to the presence of traces of

foreign substances. (Yohl.) 7. Inosite is not capable of undergoing
vinous fermentation. (Scherer.) In contact with cheese, flesh, or de-

caying- membrane, and chalk, it undergoes lactous fermentation, car-

bonic, lactic, and butyric acids being formed. (Scherer, Yohl.)

Combinations. With Water. Hydrated Inosite, C 12H12 12
,4HO.

Obtained from concentrated solutions, in tabular crystals resembling

gypsum, an inch long and several lines broad. (Vohl.) Oblique pris-
matic crystals, for the most part in cauliflower-like groups. (Scherer.)
Prisms belonging to the right prismatic system, with angles of 138 52'

and 41 8'. (Cloetta.) Sp. gr. 1-1154 at 5. (Vohl.) The crystals
become white and opaque in dry air, in vacuo over sulphuric acid, or at

100, and lose 16*6 p. c. water of crystallisation (4 at. = 16*66 p. c.),

being converted into anhydrous inosite. (Scherer, Vohl, Cloetta.)

Hydrated inosite dissolves in 6 pts. water at 19 (Vohl), in 6J pts.
at 24 (Cloetta). The concentrated solution, of sp. gr. 1-0548 at 19,
is not syrupy, and not subject to spontaneous decomposition. (Vohl.)

Aqueous inosite dissolves chloride of sodium and chloride ofpotassium,
which crystallises out alone on evaporation. (Vohl.)

Solution of inosite does not precipitate solution of sugar of lead.

Basic acetate of lead throws down from aqueous inosite a transparent

jelly, which after a few moments becomes pasty and white, and dries

up, after being washed with water and alcohol, to a yellow pulverisable

mass, which at 100, contains 76'5 p. c. oxide of lead, corresponding
to the formula C 12H12 12

,5PbO (calculation: 75'6 p. c. lead oxide).

(Cloetta.) The formula C12HuPbO12,4PbO, which contains 1 at. water less, agrees
better. [Kr.] Vohl got no lead-salt of constant composition.

Slightly soluble in cold aqueous alcohol, more soluble at the boiling-

heat
;
insoluble in absolute alcohol. Does not dissolve in ether.

Nitro-inosite.

= c i2x6ii6o12
.

VOHL. loc. cit.

Inosine hexanitrique.

Dehydrated inosite is dissolved in nitric acid of sp. gr 1'52 and the

solution is precipitated with oil of vitriol. The product, which, according
to the temperature retained by the mixture, separates either as powder or

as oil-drops which solidify to crystalline masses, is well washed with
water and recrystallised from boiling alcohol.
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liliombohedrons, often some lines in length. Melts to an oil when
heated, and solidifies to an amorphous mass which becomes crystalline
after a few days. Permanent in dry or moist air.

12 C
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Decompositions. Melts with difficulty when heated in a glass tube,
swells up when charred, and evolves acid vapours and a smell of

caramel. Burns with flame upon platinum foil, leaving an easily com-
bustible charcoal Not altered by oil of vitriol, either cold or slightly
warm ; decomposed when heated, with evolution of sulphurous acid, the

solution acquiring a yellow, and at last a red-brown colour. Does not
colour boiling soda-ley, or reduce alkaline cupric solutions. With nitric

acid, ammonia and chloride of calcium, it does not behave in the same way
as inosite (p. 353).

Less soluble in water than inosite. Insoluble in cold nitric acid of

sp. gr. 1-3 ; dissolves slowly in the same acid when boiling, and is

precipitated without alteration by alcohol. Sugar of lead does not pre-

cipitate its aqueous solution
; basic acetate of lead throws down a pasty

precipitate. Insoluble in alcohol, and precipitable thereby from its

aqueous solution.

Saccharo'idal Substances C 12HU 12
.

Mannite.

c l2nuo12
.

PROUST. N. Gehl. 2, 83 ; Ann. Chim. 57, 143.
BUCHHOLZ. Taschenbuch, 1809, 150.
A. VOGEL. Schw. 37, 365.
BRENDECKE. N. Br. Arch. 16, 49.
FAVRE. N. Ann. Chim. Phys. 11, 71 ; J.pr. Chem. 32, 362.
KNOP & SCHNEDERMANN. Ann. Pharm. 49, 243. Ann. Pharm. 51,

132; J.pr. Chem. 32, 411.
LEUCHTWEISS. Ann. Pharm. 53, 128.
STRECKER. Ann. Pharm. 73, 68. 92, 80.
A. KNOP. Pharm. Centr. 1849, 801. 1850, 49; Ann. Pharm. 74, 347;

J. pr. Chem. 48, 362.

BERTHELOT. Combinations with acids : Compt. rend. 42,1111; J.pr.
Chem. 69, 450; Chem. Centr. 1856, 625; in detail: N. Ann. Chim.

Phys. 47, 297; abstr. Lieb. Kopp. Jahresber. 1856, 652. Fermenta-
tion : Compt. rend. 43, 238 ; N. J. Pharm. 30, 269 ; J. pr. Chem.
69, 454; Chem. Centr. 1856, 749; in detail : N. Ann. Chim. Phys.
50, 322 ; abstr. Lieb. Kopp. Jahresber. 1856, #64 ; and Koptfs Jahres-
ber. 1857, 509. Occurrence: N.Ann. Chim. Phys. 46, 83. Solubility
of Lime in Mannite, N. Ann. Chim. Phys. 46, l73--Chimie organique,
Paris, 1860, vol. 2.

UBALDINI. Compt. rend. 45, 1016 ; N. J. Pharm. 37, 56 ; J. pr. Chem.
74, 221 ; Chem. Centr. 1858, 175 ; in detail : N. Ann. Chim. Phys.
57, 213; Cimento, 1, 113.

DE LUCA. Compt. rend. 47, 295 ; N. J. Pharm. 34, 353 ; J. pr. Chem.
77, 457.

GORUP-BESANEZ. Ann. Pharm. 118, 257.
ERLENMEYER & WANKLYN. Zeitschr. Ch. Pharm, 4, 606 ; Proc. Roy.

Soc. 11, 447.

LINNEMANN. Ann. Pharm. 123, 136.

Manna-sugar, Mannazuclcer. Discovered in 1806 by Proust. A COH-



MANNITE. 357

stituent of the manna which exudes InymFraxmus rotundifolia, F. Ornus
and F. excelsior; according to Leuchtweiss (Ann. Pharm. 53, 127), it forms
42*6 p. c. of Manna canellata, 37*6 p. c. of M. canellatainfragmentis, 32 p. c.

of M. calabrina. It is found in the manna from the Cape Verd Islands

(Berthelot); in the manna of the spindie-tree, produced by the punctures
of Aphis Evonymi (Lassaigne, J. Pharm. 4, 526) ;

in the honey-dew of

the lime-tree (Langlois, J. pr. Chem. 29, 444 ; Reinsch, Jahrb. pr.
Pharm. 14, 153) ;

in Lactucarium (Ludwig, N. Br. Arch. 50, 1 ;

Aubergier). It remains doubtful whether mannite is contained in :

the manna of Pinus picea, which, according to Barwinkel (Berl. Jahrb.

26, 1, 191) behaves like ash-tree manna; in the honey-dew which,

according to Wahlenberg, exudes from the leaves of Hedysarum Alhagi,
of various oriental oaks, Ficus bengalensis, Phoenix dactyli/era, Acer plan-
tandides ; in the manna which exudes from the young twigs of Quercus

bengalensis, from the trunk and boughs of Ceratonia Siliqua, and from
Heracleum sibiricum and various species of Carex when dried. For the

composition of the manna of Sinai and that of Kurdistan, seepage 241.

The following plants and parts of plants contain mannite ready
formed: the roots of Aconitum Napellus (T. & H. Smith, Pharm. J. Trans.

10, 124
; Lieb. Kopp. Jahresber. 1850, 535), of celery, fromApium graveo-

lens (Hiibner, N. Tr. 4, 1, 308 ; Payen, Ann. Chim. Phyp. 55, 219) ; of

Meum athamanticum (Reinsch, Jahrb. pr. Pharm. 14, 389) ; of (Enanthe

crocata (Handbuch, viii. Phytochem, 46); of Polypodium vidgare (Desfosses,
ibid. 92); of Scorzonera hispanica (Witting, N. Br. Arch. 105, 286); the

root-bark of Tunica Granatum [constituting Latour's Granatin. (J.

Pharm. 17, 513 and 601)]. (Mitouard, Boutron-Charlard & Guilleniette,
J. Pharm. 21, 169; Ann. Pharm. 14, 221); the roots of Triticum repens.

(Volcker.) The mannite existing in the extract of the last-named root was distin-

guished by Pfaff (Mat. med. 6, 110) as grass-root sugar (Graswurzelzucker) ; it is

perhaps not always present, wherefore Stenhouse (Ann. Pharm. 51, 354) did not find

at y ; sometimes however it exists in considerable quantities. (Volcker, Ann. Pharm.

5 9) 3gQ.) The bark of Canellaalba (Handbuch, viii. Phytochem. 27) con-

tains about 8 p. c. of mannite (W. Mayer & Reiche, Ann. Pharm. 47, 234),

not, as supposed by Petroz & Robinet (J. Pharm. 8, 198), a peculiar kind

of sugar ; that of Fraxinus excelsior contains mannite [Keller's Fraxinin

(Repert. 44, 438)]. (Rochleder & Schwarz, Ann. Pharm. 87, 198 ; Sten-

house, Ann. Pharm. 93, 255.) The leaves (Roussin, J. Chim. med.27,

754) and young twigs of Syringa vulgaris contain mannite [which, mixed
with Lilacin, constitutes Bernays' Syringin (Repert. 24, 348)], (Ludwig,
N. Br. Arch. 91, 289): also the leaves of Ligustrum vulgare (Polex ;

Kromayer, N. Br. Arch. 101, 281), celery-leaves (Vogel), the foliage of

Cocos nucifera (Bizio, J. Pharm. 19, 455); the fruit of Laurus Persea

(Avequin, Ann, Pharm. 32, 313 ; Melsens, Ann. Chim. Phys. 72, 109), of

Cactus opuntia (De Luca, Cimento, 3, 407). Coffee-beans contain man*

nite, according to Dobereiner (N. Br. Arch. 43, 27). Ergot of one year
contained mannite, that of another year mycose (p. 301). (Mitscherlich.)

Manyfungi contain mannite (see p. 301 ; also Handbuch, viii. Phytochem,

97). On alga? (Handbuch, viii. Phytochem, 93) there is often found an
efflorescence of mannite (Vauquelin, Gaultier de Claubry), which,

according to Stenhouse (Ann. Pharm. 51, 349) may also be obtained

from the dry algae ; according to Phipson (Compt. rend. 43, 1056 ;

Chem. Centr. 1857, 77), mannite does not exist in fresh algne, but is

formed, according to him and to Soubeiran (N. J. Pharm. 31, 219)>
from vegetable mucilage by fermentation.
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Gmelin is also inclined to regard as mannite, Hiinefeld's Primulin (J. pr. Chem.

7, 58
;
N. Br. Arch. 8, 249) obtained from the roots of Primula veris.

Formation. Under the influence of the peculiar ferment which
excites mucous fermentation, cane-sugar (and therefore no doubt also

dextro- and Isevo-glucose) splits up into mannite, carbonic acid, and

gum. (Pasteur, Bull. Soc. Chim. Paris, 1861, 30 ; see p. 280).
Mannite can be obtained after fermentation from vegetable juices

which previously did not contain any. (Fourcroy & Vauquelin ; Pelouze,
Ann. Chim. Phys. 47, 411.) No mannite is formed when the sugar of

carrot-juice ferments by itself, but when the pectin-substances are left

in it, the juice gets thick, like white of egg, and produces mannite.

(Vauquelin.) The presence of mannite after fermentation has been
observed in the juice of onions (Fourcroy & Vauquelin, Ann. Chim.

65, 166; N. Gehl. 5,357); in mangold-wurzel juice (Braconnot, Ann.

Chim. 85, 95 ; Jules Gay-Lussac & Pelouze, see xi, 478) ;
in extract of

jalap-root (Herberger, Jahrb. pr. Pharm. 4, 8); in the juice of the

tubers of Helianthus tuberosus (Braconnot) ; of Cyclamen europceum (De
Luca, Compt. rend. 47, 296) ;

in the aqueous extract of the roots of

Taraxacum officinale (Frickhinger, Repert. 73, 55; T. & H. Smith,
J. Chim. med. 26, 135); further, in lactous fermentation (Boutron &
Fremy, see xi, 473 ; Bensch, Ann. Pharm. 61, 174) ;

in the preparation
of lactic acid by Bensch's process (xi, 475), if the fermentation has

gone on between and 20 (Strecker, Ann. Pharm. 92, 80); in the

fermentation of honey (Guibourt, Ann. Chim. Phys. 16, 371).
Mannite exists in cider after the vinous fermentation has had its

regular course ; it is perhaps present, ready-formed, in the apples.

(Berthelot.)
The sugar which results from the decomposition of kinovin by

alcoholic hydrochloric acid is identical with, or allied to, mannitan.

(Hlasiwetz. See page 345.) According to Fremy (J. pr. Chem. 8,

197), mannite is produced by boiling starch with acids, and may be
extracted by alcohol from the dextro-glucose.

From inverse-sugar, by the action of sodium-amalgam on its

neutral aqueous solution :

C12H 12O12 + H2 = C12H 14O12
. (Linnemann.)

Sugar. Mannite.

Preparation. From Manna. 1. Manna is dissolved in 3 pts. water, the
solution precipitated with basic acetate of lead ; the lead removed from
the filtrate by hydrosulphuric acid ; the solution evaporated to a syrup
after separation of the sulphide of lead, and the syrup poured into

hot alcohol: mannite then crystallises out on cooling. (Bonsall,
N. Br. Arch. 84, 70.) 2. Fermenting yeast is added to the aqueous
solution of manna, in order to destroy the sugar contained in it ;

and the

liquid is decolorised with animal charcoal when the fermentation is

complete, and then evaporated to the crystallising point, the crystals
being purified by recrystallisation from boiling alcohol of 82 p. c.

(Leuchtweiss.) 3. Manna is dissolved in half its weight of rain-

water
;
the solution is clarified with white of egg, and strained boiling

hot through a woollen bag ; the crystalline mass obtained on cooling
is stirred up to a pulp, drained and pressed ; and the liquid that runs

away is concentrated and treated in the same way. The cake of
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mannite so obtained is purified by being stirred up with water to a thick

pulp, the liquid is allowed to drain away, and what is left is pressed
out ; the remaining mannite is dissolved in 6 or 7 pts. of hot water, and
the solution treated with animal charcoal, filtered hot, evaporated, and
left to crystallise (Ruspini, Ann. Pharm. 65, 203; Lieb. Kopp. Jahresber.

1847 and 1848, 793). 4. Manna is boiled with aqueous alcohol, the
solution is filtered hot, and the crystals which separate are purified

by crystallisation from water or alcohol (Proust.) The manna con-
tained in fermented liquids is obtained by exhausting the extract with

alcohol, after previously removing, when necessary, the substances

precipitable by basic acetate of lead.

Properties. Long prisms or needles, more rarely short prisms be-

longing to the rhombic or right prismatic system, sometimes grouped
together in bunches, united into sheaves, or arranged in stars. Com-
monly a rhombic prism y (Fig. 53), whose acute lateral edges are

truncated perpendicularly by m, the summits being bevelled by u
; or a

rhombic prism ?/, whose acute edges are perpendicularly truncated by
m, and obtuse edges by p ; between y and m a second prism ?/', and
besides the bevelling face w, a second horizontal prism u' between
u and m. u : u (above) = 125

y
3' (observed) ;

u 1

: u' (over m) =
54 57' (calculated); m : t/ = 117 28''5 (calc.), = 117 26''5 (obs.) ;

y : y (over m) = 50 31' (obs.) ; y : y (over^;) = 129 29'( calc.) ;
m : y= 115 15''5 (calc.),

= 115 18' (obs.) ; q : y 15444''5 (calc.); m : u
= 104 36' (calc.) ;

u : u (above) = 150 48' (obs.); u : u 1 = 167 8'5

(obs.); p : y = 136 40''5 (obs.); m : y = 133 19''5 (obs.); y : y
(over )

= 86 39' (obs.). Different vertical prisms occur in other

crystals, whereon Schabus observed the following angles : m : y" =
103 10' ; p : y" = 139 45' ;

m : #
iv = 163 4'

; p : y* = 173 20'.

The surface of the acicular crystals smooth and even ; the vertical

faces of the prismatic crystals, with the exception of y, m, and p, ver-

tically striated. Cleavage very perfect parallel to m, less perfect parallel
to p. perpendicular to these directions very slight. Fracture conchoidal.

Lustre vitreous on u and w', pearly on m
; the vertical prisms have a

pearly vitreous lustre. Transparent, semi-transparent, colourless to

white. Streak white. Hardness = 2'5. (Schabus, Krystallgest. Wien,
1855, 87.)

Melts at 166 (Favre), 164 to 165 (De Luca), 165 (Berthelot),
between 165 and 166 (Linnemann), and solidifies (at 162 : Favre) when
cooled below 140, to a crystalline mass. Volatilises slowly when kept
melted, and sublimes without alteration ; enters into ebullition at about

200, part subliming or distilling over with the water, and part being
converted into mannitan, most of it, however, remaining unchanged.
Small quantities can be volatilised almost completely on platinum foil.

Does not diminish in weight when heated for a long time to 120.

(Berthelot.) Tastes slightly and agreeably sweet. Acts as a purgative.

(Vogel.) Becomes luminous by friction. (Bonastre, J. Pharm. 19, 632.)
Neutral. Has no rotatory power. (Biot, Compt. rend. 10, 49; Yentzke).

Prout. Liebig. Kircher. Knop & Linne-

Sclmedermann. mann.

12 C ....
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Saussure, Oppermrnn (Pogg. 23, 443), and many others, have also analysed rnan-

nite. Liebig (Ann. Pharm. 9, 23) calculated the true formula from Oppermann's
analyses, and it was definitely established by Strecker's analyses of nitro -mannite.

Earlier formulae : C15H 16O15
(Proust), C7H5O5

(Saussure), C8IPO8
(Knop & Schneder-

mann). Instead of the above formula, some chemists adopt half its value CnH7O6
.3

Decompositions. 1. See above. When heated, mannite does not swell

up below 250 ; it afterwards decomposes, and burns away in contact
with the air with flame and a smell of caramel, and leaves a delicate,

soft, and lustreless charcoal. On dry distillation, it evolves a smell of

acrolein. (Redtenbacher, Ann. Pharm. 47, 148.) 2. Manna, which,
when fresh and pure is unfermentable, becomes when kept, translucent,

sticky, and deliquescent in the air, and is then fermentable. (Lhermite,
Compt. rend. 34, 114.) Berthelot (N. Ann. Chim. Phijs. 50, 333) also

found in manna 10 to 15 p. c. sugar, which did not increase in quantity
by keeping in a moist, dark place.

3. A mixture of maim'te and platinum-sponge, in contact with air

between 30 and 40, soon acquires an acid reaction, evolves carbonic

and formic acids, and contains manriitic acid, mannitose (p. 339), and a

product allied to mannitan. (Gorup-Besanez.) At higher temperatures
coloured decomposition-products of marmitic acid, and perhaps also

saccharic acid, are produced ; if the mixture gets dry, it may become
red-hot. When a concentrated aqueous solution of mannite is dropped
on platinum-sponge, heat is evolved, arid white clouds formed, while an
odour of of caramel becomes perceptible and volatile acids are produced.
(Gorup-Besanez.) The products first formed are completely decom-

posed into carbonic acid and water by the further action of oxygen.
(Dobereiner, J.pr. Chem. 28, 498 ; 29, 452. See also Backhaus, N. Repert.
9, 289.)

4. Nitric acid converts mannite into saccharic and oxalic acids,
without producing mucic acid (Scheele, Fourcroy & Vauquelin, Buch-

holz). Mannite dissolves in nitric acid without coloration or evolu-
tion of gas ; and when the solution is warmed until reddish-yellow
vapours are given off, a tumultuous evolution of gas sets in, even after

removal of the fire, and continues for about half-ari-hour ; after it has

ceased, the liquid contains IK- icr mannite nor saccharic acid, but an
acid which forms, with baser -.alts similar to, or identical with, those
of mannitic acid. A fermen le sugar, probably mannitose (p. 339),
is formed at the same time (Gorup-Besanez). When mannite is heated
with nitric acid, according to Liebig's method (See Milk-sugar, p. 220),
racemic acid is formed, but in smaller quantity than when dulcite is

similarly treated, and is not accompanied by a trace of tartaric or

antitartaric acid (x. 365), but by a very small quantity of an acid

agreeing in its properties with mucic acid (Carlet, Compt. rend. 53, 343.
See also Dulcite.) Proust and Thenard (N. Gehl. 2, 217), believed they had obtained

mucic acid from mannite, the latter to the extent of about 50 p. c. According to Back-
haus (N. Repert. 9, 289), who could not obtain any tartaric acid from 1 pound of

mannite, the mucic acid proceeds from the gum of the manna, which, when the mannite
is incompletely purified, adheres obstinately to it.

5. Mannite distilled with peroxide of manganese and dilute sulphuric
acid, evolves carbonic acid, while acrolein and formic acid pass over in

the distillate (Backhaus, N. Repert. 9, 289). 6. Mannite takes fire when
triturated with 6 pts. peroxide of lead (Bottger). Heated with per-
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oxide of lead and water, it yields formic acid, gum, and an acctyl-like
substance (Ddbereiner, J. pr. Chem. 28, 498) ; only a little carbonic
acid is evolved, but on addition of sulphuric acid, formic acid distils

over (Leuchtweiss). When mannite is mixed with bichromate oj

fiuff i.x/i and sulphuric acid, carbonic acid and aqueous formic acid are given
off (Leuchtweiss).

7. Distilled with excess of concentrated hydriodic acid (b. p. 125),
in a stream of carbonic acid, it yields iodide of hexyl.

= C 12H13
I + 12IIO + I10

(96grm.mann:tegave83grm.
iodide of hexyl.) (Erlenmeyer & Wanklyn).

8. On heating a mixture of equal atoms of mannite and biniodide of

phosphorus to a little above the melting point of the latter, great heat
is disengaged, so that, even with small quantities, incandescence may
take place, and vapours of iodine and of hydriodic acid are evolved, while

an aqueous and oily distillate passes over, and charcoal remains. If

broken glass is added to the mixture in order to moderate the action,
and it is heated by small quantities at a time until the reaction com-

mences, the product being then covered with water and distilled, there

passes over with the aqueous vapour a heavy oil, coloured by free

iodine, and possessing a burning, sweet taste and aromatic smell.

After removal of the free iodine and water, this oil begins to boil at

a comparatively low temperature : the boiling point, however, soon

rises, and the oil passes over in part at 170, iodine being liberated, and

contains, on an average, 34'74 p. c. 0., 6'14 II., and 59'12 I., cor-

responding nearly to a mixture of iodides CnIIn+1I. [Iodide of hfxyl,

C 12H 13I (see decomposition 7) contains :.3'96 C., 6'13 H. and 59'91 1. (W.)] Heated
to 100 with oxide of silver, it is converted, in a few hours, into a non-

iodised oil of variable boiling-point (the part which distils between 75 and

130, contains <;2'8 p. c. C., 10'7 H., and 2(i'5 O. ; that which distils between 150

and 200, contains 74'66 p. o. C., 13'14 H., and 12 20 O. ),
which yields, with

oil of vitriol, a conjugated acid, and acid products by oxidation (Buttlerow,
Chem. Centr. 1857, 393). Hence Buttlerow thinks it probable that com-

pounds of the formulae OH"-1 and C nHnP are mixed with the iodised

oil, and regards the oil freed from iodine as a mixture of ethers con-

taining oxygen in place of the iodine. More recently he detected

iodide of methylene, C2H2
P, among the constituents of the iodised oil,

inasmuch as dioxymethylene, C4H4 4
(which is produced by the action

of iodide of methylene on oxalate of silver) occurs among the products
of the action of oxalate of silver upon it (Buttlerow, Ann. Pharm.

Ill, 247). 9. On heating mannite with bromine and water in a sealed

tube, hydrobromic acid is produced, causing the liquid to become dark-

brown soon after the disappearance of the bromine, and humous sub-

stances to be formed (Barth & Hlasiwetz, Ann. Pharm. 122, 111).

10. Mannite, heated for several hours to 150 with syrupy aqueous

phosphoric acid, yields a small quantity of manni-phosphoric acid, the

lime-salt of which may be obtained as a jelly by dissolving the product
in water, neutralising with chalk, and precipitating the filtrate

with alcohol (Berthelot.) 11. By dissolving mannite in oil of vitriol,

manni-bisulphuric acid and manni-tcrsulphuric acid are produced. (See

below.) The solution does not blacken even when heated to 100.
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12. Mannite dissolves, without evolution of gas, in fuming
1

nitric acid;

oil of vitriol throws down from the solution nitromannite (Domonte &
Menard, Strecker). 13. Mannite scarcely absorbs hydrochloric acid

gas even at 100, but when long heated to 100 with fuming aqueous
hydrochloric acid, in a sealed tube, it yields chlorhydro-mannitan,

and, by several days' boiling, mannitan (Berthelot). 14. Moist

arsenic acid colours mannite brick-red in a few days (Eisner, Schw.

50, 348).
Mannite combines with mono-, bi-, and ter-basic acids, with elimi-

nation of water, forming the mannitanides, a class of compounds corre-

sponding to the mono-saccharides (p. 316), in which the properties of

the acid and of mannite are concealed, but which are capable of under-

going decomposition by taking up again part of the eliminated water,
so as to yield the original acid and mannitan (Berthelot).

The mannitanides are obtained from the acids and mannite, some-
times by merely bringing them together at common temperatures
or at 100, but more commonly by heating them for a long time to

200 or 250 ; never more than part of the acid and of the mannite
enters into combination, the greater portion of both remaining uncom-
bined. The mannitanides resemble the natural fats, and are decom-

posible by water at 240, or by alkalis at 100, for the most part,

however, only with difficulty and by long-continued action. In all

such cases it is mannitan that separates out, except that, by further

fixation of water, a portion of it is converted into mannite. In this

respect, and so far as regards the quantity of water separated in the

formation of the mannitanides, it is mannitan (and not mannite) that is

an analogue of alcohol (Berthelot).
A. Mannite and monobasic acids furnish three distinct classes of

compounds.
a. Formed by the combination of 1 at. mannitan with 2 at. acicl

and elimination of 4 at. water.

Ci2H i: io + 2C8H8O4 = C^H^O14 + 4HO.
Mannitan. Butyric acid. Bibutyro-

mannitan.

Berthelot also reckons chlorhydro-rnannitan as belonging to this

class :

C12H12Q10 + 2HC1 = C12H10C12O6 + 4HO.

b. From 1 at. mannitan and 4 at. acid, with elimination of 4 or 8
at. water :

Ci2Hi2Oio + 4C8H8O4 = C44H 3CO18 + 8HO.

Quadributyro-
mannitan.

Ci2H12 10 + 4C36H36O4 = C^H^O22 + 4HO.
Stearic acid. Bistearo-mannitan.

c. From 1 at. mannitan and 6 at. acid, with elimination of 6 at.

water.

C12H 12O10 + GC^H^O4 = c^H^O22 + 12HO.
Terstearo-mannitan.

B. The compounds produced by heating mannite with Ubasic acids
are formed, according to Berthelot,
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a. From 1 at. maimitan and 1 at. acid, with elimination of 4 at.

water.

Berthelot classes here kinovin (p. 345), from whose formula he

deducts 2 at. water given off between 160 and 180. Van Bemmelen's

succino-mannitan belongs to this class :

C12H12Q10 + C8H R 3 = C20H 14O 14 + 4HO.

Mannitan. Succinic Succino-

acid. mannitan.

b. From 1 at. mannitan and 2 at. acid, with elimination of 4 at.

water :

C12H12Q10 + 2S2H-OR = C12H 12O10
,S

4O12 + 4HO.

2 at. sulphuric Mannibisulphuric
acid. acid.

c. From 1 at. maimitan and 3 at. acid, with elimination of 4 at.

water :

C12H 12O10 + 3S2H-O8 = C 12II12O 10
,S

r>Ols,H2O2 + 4HO.

3 at. sulphuric Mannitersulphuric
acid. acid.

d. From 1 at. mannitan and 6 at. acid, with elimination of 12 at.

water :

Ci2H 12O10 + 6C8H 6O 12 = C^H^O' + 12HO.
Tartaric acid. Mannitartaric

acid.

C. By heating mannite with the terbasic acid, citric acid, citro- and
bicitro-mannitan are formed.

a. From 1 at. mannitan and 1 at. acid, with elimination of 6 at.

water :

+ C12H8O14 = C24H14O18 + 6HO.
Mannitan. Citric acid. Citro -mannitan.

b. From 1 at. mannitan and 2 at. acid, with elimination of 8 at.

water :

Ci2Hi2()io + 2C12H8O 14 = C^H^O30 + 8HO.
Bicitro-mannitan.

Proceeding on the assumption that, in the formation of the true bicitro-mannitan,
4 at. more water must be eliminated, Van Bemmelen regards the last compound as

belonging to a distinct class. In this case, however, bistearo -mannitan and various

other bodies would have to be excluded from the class of mannitanides. [Kr.]
Berthelot's nomenclature is founded on the assumption that the atom of mannitan is

half as great as that here adopted, viz. = C6H6O5
. His mannite -monobutyrique is

accordingly the same as the bibutyro -mannitan of this Handbook, etc.

In the following cases, special phenomena accompany the heating
of mannite with organic acids.

a. On heating mannite with excess of oxalic acid to 110, the acid

is decomposed into carbonic and formic acids, and an instable com-

pound of formic acid and mannite is produced. (Knop. See below.) At
first, and before the decomposition of the oxalic acid takes place,
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mannit-oxalic acid is formed, the lime-salt of which is obtained by
neutralising the melted mass with carbonate of lime and precipitating
the aqueous solution with alcohol. On heating more strongly, formic

and carbonic acids escape, while a mixture of mannit-oxalic acid, man-
nitan and humous substances remain. (Van Bemmelen.)

/?. Equal atoms of mannite and succinic acid heated to 140 till the

melted mass, on cooling, no longer becomes crystalline, but forms a thick

syrup, yield a residue which is still soluble in water, and gives, on
addition of oxide of lead (succinate of lead separating at the same time),
soluble manni-succinate of lead, an easily decomposible compound,
which is precipitated by alcohol and contains varying quantities of

lead-oxide, the proportion sometimes corresponding to the formula

C 12H12 10
,C

8H4 6
,PbO. This manni-succinic acid differs from succino-

mannite (see below) only by the quantity of water contained in it, and
when more strongly heated is converted into that compound.
When a mixture of 1 at. mannite with 2 at. or more succinic acid is

heated, a large quantity of succinic acid sublimes between 130 and

150, then a large quantity of water is given off, and a hard dry
mass is formed, from which succinic acid again sublimes at 160 170.
The black residue imparts an acid reaction to water, only after stand-

ing for some time. It contains more carbon and hydrogen than cor-

responds to succino-mannitan, hence Van Bemmelen regards it as a

mixture of this compound with bisuccino-mannitan. (Van Bemmelen.)

7. A mixture of mannite and citric acid in atomic proportions melts

together at 100, water of crystallisation being given off. At 130-
140 water is again given off, and the mass, which at first is perfectly

fluid, becomes pasty without evolution of gas or coloration, and at last

hard, dry and tasteless, and is found to be converted into citro-man-

nitan. At 170 180 it becomes brown and an oil distils over. In

this case also, according to Van Bemmelen, a compound corresponding
to manni-succinic acid is formed. From a mixture of 1 at. mannite
and 2 at. citric acid, there is formed at 140, a neutral, bright yellow
substance, the bicitro-mannitan of this Handbook; at 160 170 it is

decomposed and yields, without previously parting with more water,
the decomposition-products of citric acid. (Van Bemmelen.)

16. Heated in a sealed tube with aqueous ammonia, mannite forms

a brown, nitrogenous product, corresponding to that furnished by
cane-sugar (p. 260), which smells like horn when heated. (P. Thenard,
Bull. Soc. Glum. Paris, 1861, 42.) 17. Mannite melted with potash-

hydrate yields the same product as cane-sugar (p. 260). (Gottlieb.
Ann. Pharm. 52, 122.) If mannite is thrown into potash-hydrate
melted at so low a temperature that only a small quantity of hydrogen
is given off, a bulky froth is produced, which does not at once solidify
and contains but little oxalic acid. (Leuchtweiss.) 18. By distilling

mannite with lime, much hydrogen is evolved, and metacetone (ix. 409)
and einpyreumatic products are obtained. (Favre.) 19. Mannite easily
reduces oxide of silver. (Favre.) According to Riegel, it reduces

aqueous mercury-, silver-, arid gold-salts, 20. Aqueous red prussiate of
potash mixed with ^ pt. hydrate of potash acts but slightly and slowly
on mannite at 70, but after the mannite has been boiled with acids, it

decolorises variable quantities of the mixture. (Gentele, DingL 158,

127; Chem. Centr. 1861, 93.)
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Mannite is not altered by ebullition with dilute acids, aqueous alkalis,
or potassio-cupric tartate,

21. Mannite is not fermented by contact with yeast (Pelouze and

others). It is decomposed by lactous ferment (p. 276), in presence of

chalk, with evolution of carbonic acid and water, and formation of

alcohol, lactic acid and butyric acid (Pasteur, N. Ann. Chim. Phys. 52,

404). Animal membranes produce lactic acid from mannite (Fremy,
Compt. rend. 9, 165). Fremy is also of opinion that, in the lactous fermentation
of sugar, this substance is first converted into mannite and then into lactic acid.

When a mixture of mannite with chalk and cheese (gelatin, pancreatic
tissue, albumin, or other nitrogenous constituents of the animal body)
is left to itself for some weeks at a temperarure of 40, the nitrogenous
substance and the mannite are decomposed simultaneously, and with
elimination of carbonic acid, nitrogen, hydrogen, alcohol, lactic acid,

butyric acid, and acetic acid (Berthelot). This decomposition is inde-

pendent of access of air, and is not accompanied by the appearance of

yeast-cells. The quantity of alcohol obtained amounts to between 13
and 33 p. c. of the decomposed mannite, but no glycerin, fat, or sugar
is formed at any stage of the decomposition. Acetic and butyric
acids make their appearance as decomposition-products of lactic acid.

In presence of carbonate of lime, the reaction becomes irregular, and
a peculiar sugar (p. 310) is formed, especially under the influence of

testicular tissue. (Berthelot, N. Ann. Chim. Phys. 50, 334).

Combinations. A. With Water. Mannite exposed to air saturated

with moisture takes up only 2 per cent, of water. It dissolves in 6*4

pts. water at 18, in 6-14 pts. at 20 (Berthelot), in 5 to 6-6 pts. at

1620 (De Luca) in 4 pts. at 12 (Kircher), in 5 pts. of cold, and in

any quantity of hot water (Vogel). Sometimes on shaking up the mannite
with water, a larger quantity dissolves, amounting to of the water

;
but the solution

on standing deposits such a quantity of mannite that the above proportion is attained

(Berthelot). When 87'6 grm. mannite are dissolved in 348 grm. water at 16'5 (that is

in 4 pts.) the temperature falls to 13'5 (Pohl, /. pr. Chetn. 82, 155).

B. With Bases. Potassium-compound. When 1 pt. mannite and
1 pt. potash-hydrate are dissolved in 6 pts.Jwarm alcohol of 85 p. c. the

liquid on cooling separates into two layers, the lower of which must be
washed with hot absolute alcohol and dried at 100. White, easily

friable, strongly alkaline, saline mass, which contains 25 p. c. potash,

requires a higher temperature to decompose it than sucrate of potash,
and deposits mannite when its alkaline solution is exposed to the
air. It is insoluble in absolute alcohol, but dissolves easily in aqueous
alcohol (Brendecke).

Sodium-compound. Obtained like the potassium-compound, which
it also resembles. Contains 21-6 p. c. soda (Brendecke).

Mannite unites with chloride of sodium, forming colourless crystals containing 24*2

p. c. NaCl (Riegel, Jahrb. pr. Pharm. 4, 8; Pharm. Centr. 1841,693). Neither

Leuchtweiss nor Knop & Schnedermann were able to obtain this compound; Riegel's
other statements likewise show that his mannite contained glucose. (Kr.)

Barium-compound. When the solution obtained by triturating

together equal pts. of baryta- crystals, water and mannite, is mixed
with absolute alcohol, a resinous precipitate is formed, which, after
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washing with hot alcohol, contains 23*2 p. c. baryta. It has a strongly
alkaline taste. When it is heated in a stream of carbonic acid, man-
nite separates out. It dissolves in water and in aqueous alcohol but
not in absolute alcohol (Brendecke). When manriite is mixed with an

equivalent quantity of baryta-crystals and 3 or 4 pts. water, the mix-
ture left to stand for two days and occasionally shaken, and the
filtrate precipitated with alcohol, the flocks which fall down unite to a
thick syrup, which may be purified by repeated solution in water and pre-
cipitation with alcohol. On heating this syrup in the water-bath,
there remains a translucent, very tenacious and glutinous mass, which
increases to 4 or 5 times its original volume when heated to 100, and
on cooling forms a deliquescent, tumefied, translucent glass. The
aqueous solution when left to itself deposits crystals of baryta, solidi-

fies, when heated, to a compact mass like coagulated white of egg, and
becomes only partially clear on cooling (Ubaldirii).

After drying over oil of vitriol, it contains 15'4 p. c. water, which escapes at 160;
in the anhydrous state, it contains from 37'6 to 37 '9 p. c. baryta, and from 63'0 to

62*7 p. c. mannite, corresponding to the formula C6H"O,2BaO. So according to

Ubaldini
; but his formula just quoted requires 62*73 p. c. BaO and 37'27 p. c.

mannite, whereas his analytical data (perhaps affected with press-errors) give 37*68 and
17'95 p. c. BaO, 47-00 and 61'93 mannite. The true formula of the compound
appears to be 2C 1 -!H 14O 12,3BaO + 12HO (calc. 38'79 p. c. BaO, 61-21 mannite, 15-43

water). Kr.

Strontium-compound. Aqueous mannite dissolves strontia, the

quantity dissolved at the boiling heat being about one-fourth of the

weight of the mannite. (Riegel.) The strontia-salt is obtained like

the baryta-compound, which it resembles. The aqueous solution

becomes but slightly turbid on boiling. The compound dried at 100

gives off from 22 to 24 p. c. water at 120, arid then contains from
20*1 to 21*0 p. c. strontia, and 80*0 to 78*5 p. c. mannite, corresponding
to the formula SrO,C

12HM la

(calc. 22-15 p. c. SrO and 77-85 mannite) ;
in the

hydrated state, with 8 at. water (calc. 23*54 p. c.). (Ubaldini.)

Calcium-compound. Aqueous mannite dissolves hydrate of lime,
with evolution of heat. (Brendecke.) If the solution contains in

100 c. c. 1*6 gr. mannite or less, it takes up constantly 3*7 pts. lime to

100 pts. mannite (after deducting the lime which the water itself

would dissolve) ; but more concentrated solutions take up a larger

quantity, those containing 2*4 grms., 4*8 grms. and 9*6 grms. mannite
in 100 c. c. taking up respectively 4*5, 4*7 and 6*27 pts. lime to 100 pts.
mannite (Berthelot, N. Ann. Chim. Phys. 46, 177). The solution has an
alkaline taste and reaction, becomes turbid when heated and clear

again on cooling (Brendecke). The concentrated solution solidifies

when heated to 85, and completely at 90, forming a compact mass

containing 50 p. c. lime, therefore perhaps the sexbasic compound
C 12H14 12

,6CaO, and becomes quite clear again when cooled to 50.
When excluded from the air, it deposits a precipitate, and in contact with the air,

yields shining crystals, probably consisting of penta-hydrated carbonate of lime. On
? ddition of hydrochlorate of strontia or magnesia, it yields precipitates, which, after

washing, are free from mannite (Ubaldini).

a. Bibasic. C 12H14 12
,2CaO. A mixture of 200 pts. mannite and 66 pts.

hydrate of lime is covered with 600 pts. of water, and left to stand for

two days with frequent agitation, and the filtrate is precipitated with
alcohol. The white flocks unite into a resinous mass, which is purified



MANNITE. 367

by repeated solution and precipitation out of contact of air. Dried
over oil of vitriol between 100 and 120, it gives off 14 p. c. water

(4 at. = 13-13 p. c.), and at 160, it turns yellow, without further loss.

It is decomposed by carbonic acid, without separation of mannitan.
After drying- at 120, it contains, on the average, 23 '45 p. c. lime and
76'65 p. C. mannite (calc. 23-53 p. c. CaO, 76-47 p. c. mannite). (Ubaldini.)

b. Monobasic compound. C 12Hu 12
,CaO. Bimannitate of Lime. When

a solution of the bibasic compound is left to evaporate, crystals of

mannite first separate out containing 5 '3 p. c. lime; arid the mother-

liquor, on standing, deposits a crystalline salt, which, after drying at

120, contains on the average 13-22 p. c. CaO and 86-15 p. c. mannite,
answering to the formula C 12HU 12

,
CaO (calc. 13-33 p. c. CaO, 86-67

mannite). (Ubaldini.)

Aqueous mannite dissolves magnesia and a small quantity of moist

hydrate ofalumina (Riegel). A solution of mannite heated with potash-
ley behaves with nitrate of cobalt like cane-sugar (p. 263). (Herzog-.
N. Br. Arch. 50, 299.)

.Lead-compounds. Aqueous mannite dissolves lead-oxide, forming
an alkaline liquid precipitable by ammonia. It is not precipitated
either by neutral or by basic acetate of lead, but an ammoniacal solu-
tion of the neutral acetate produces a precipitate in the concentrated
solution of mannite (Berthelot). The mannite may be recovered from
the lead-compound in its original state.

a. Sexbasic. The compound b treated in the recently precipitated
state with cold, or after drying, with boiling water, is resolved into an
insoluble basic and a soluble neutral lead-compound of mannite.

Favre.

mean.

12 C 720 .... 8-81 8-82
10 H 10-0 .... 1-22 1-24
8 O 64-0 .... 7-83 7'91

6 PbO 670-8 .... 82-14 82-03

C12H 10Pb4O' 2
,2PbO .... 816-8 .... 100-00 100-00

b. Quadribasic. Into a warm ammoniacal solution of neutral
acetate of lead, a concentrated aqueous solution of mannite is poured,
in quantity not sufficient for complete precipitation. The mixture,
which is clear at first, deposits, after standing for some time, slender

laminge, which must be collected out of contact with the air and pressed.
The same compound is separated from the preceding mixture by alcohol,
and may be obtained pure by washing with alcohol. It does not give
off the whole of its water in vacuo till heated to 130, turning yellow at
the same time, but without further alteration. It is decomposed by
boiling with water, or in the recently precipitated state, even by wash-

ing with cold water, the basic compound a then remaining. The filtrate

yields by evaporation a crystalline deposit of b, and if evaporated in vacuo after the re-

moval of this deposit, it leaves a mass which, after drying at 130, contains 67'9 p. c.

lead-oxide, together with carbon, hydrogen and oxygen, in proportions answering to the

formula C6H5O4
. (Favre.)
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Favre.

at 130 in vacua . mean.

12 C 72 .... 12-16 12-15

10 H 10-0 .... 1-69 1-G7

8 O 64-0 .... 10-81 10-88

4 PbO 447-2 .... 75-34 75-30

C i2H ioPb4O i2 503-2 .... 100-00 100-00

Knop regards Favre's lead-compounds as mixtures (see Pharm. Centr. 1850, 50).

Mannite protects ferric salts from precipitation by various reagents

(H. Rose). Aqueous mannite does not dissolve the oxides of antimony,

bismuth, zinc, iron or tin (Riegel).

Aqueous mannite does not dissolve cupric oxide (Riegel) From an

aqueous solution of mannite mixed with cupric sulphate, potash throws

down a blue precipitate which dissolves in excess of the alkali,

without undergoing any alteration on boiling.

Mannite is nearly insoluble in cold absolute alcohol, and but sparingly
soluble in the same liquid when heated (Buchholz) ; in hot aqueous
alcohol it dissolves in such quantity that the liquid solidifies to a

crystalline pulp on cooling. It dissolves at 14 in 1430 to 1660 pts.

absolute alcohol, and at 1'5 in 84 to 90 pts. alcohol of sp. gr. 0*8985

(Berthelot). Insoluble in ether.

Appendix to Mannite.

Mannide.

C 12II10 8 or C24II20 16
.

BERTHELOT (1856). N. Ann. Chim. Phys. 47, 312 ; Chim. organ. Paris

1860, 2, 204 ; Lieb. Kopp. Jahresber. 1856, 657.

Obtained in one instance by heating mannite with butyric acid in a

sealed tube to a temperature between 200 and 250. After decanting
the liquid containing the butyric acid, there remained at the bottom of

the vessel, crystals of mannite, arid a liquid which, when dissolved in

water, evaporated to dryness, taken up with absolute alcohol, again

evaporated, washed with ether, redissolved in alcohol, and evaporated
yielded mannide.

Properties. Thick, scarcely fluid syrup, having a sweet taste, with
bitter after-taste. Neutral. Volatilises slightly at 100, more at 140.
Volatilises when heated on platinum-foil, apparently without decom-

position.

12 C
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Deliquesces in contact with the air, and is partially converted into
mannite. In a moderately damp atmosphere, it takes up 40 p. c.

water in 12 hours ; in an atmosphere saturated with moisture, it takes

up 80 per cent, in 4 days, part of the water evaporating again on stand-

ing, and crystals of mannite separating out. When left in contact
with oil of vitriol at 100 for several hours, it forms a compound whose
baryta-salt is amorphous and insoluble in water. When mannide is

heated to 200 with benzole acid, a neutral compound insoluble in ether
is formed, probably bibenzo-mannite. When mannide is heated to
100 with baryta-crystals, a small portion of it is converted into mannite.

Soluble in water and in absolute alcohol ; insoluble in ether.

Mannitan.

C 12H12 10
.

BERTHELOT. N. Ann. Chim. Phys. 47, 306 ; Lieb. Kopp. Jahresber. 1856,
655; Chim. organ. Paris, 1860, 2, 172.

Formation. 1. By heating mannite to 200. 2. By decomposing
mannitic ethers with water at 240, with acids, alkalis, or lead-oxide at

100, or with alcohol. 3. By heating mannite with concentrated

aqueous or alcoholic hydrochloric acid.

Preparation. 1. When mannite is heated for some minutes to 200
in an open capsule, part of it gives off water, and is converted into

mannitan, while another portion remains undecomposed. The product is

dissolved in water ; the solution evaporated till the undecomposed
mannite crystallises ; the last mother-liquor evaporated to dryness over
the water-bath ; and the residue exhausted with absolute alcohol,
which takes up the mannitan. To remove the secondary products
formed by the heat, the alcoholic solution is digested for some hours
with oxide of lead ; the nitrate mixed with water is freed from dis-

solved lead by sulphuretted hydrogen, and evaporated to dryness ; and
the mannitan is extracted from the residue by absolute alcohol.

2. Mannite is boiled with fuming hydrochloric acid in a long-necked
flask for 60 hours ; the liquid is evaporated over the water-bath ; the
residue mixed with oxide of lead and digested with alcohol ; and the

solution, after being treated with sulphuretted hydrogen, and freed

from sulphide of lead by filtration, is evaporated to dryness. The
residual syrup is treated with absolute alcohol : any mannite that may
remain mixed with it is suffered to crystallise out; the filtrate is

evaporated ; and the mannitan which remains is further purified by
washing with ether, re-solution in absolute alcohol, and evaporation.

3. Mannite may also be dissolved in a mixture of alcohol and fuming
hydrochloric acid, and the solution heated to 100 in a sealed tube for

60 hours, the liquid then separating into two layers, the upper of

which consists of chloride of ethyl. This is removed, the lower

aqueous stratum evaporated to dryness over the water-bath, and the

residue purified as in (2). 4. When stearo-rnannite is heated with
water in a sealed tube to 240, slearic acid separates, and an aqueous

VOL. xv. 2 B
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solution of mannitan is formed, which must be evaporated to dryness,
and digested in absolute alcohol, any mannite that may have been
formed at the same time then remaining undissolved. 5. In like

manner, aceto-mannite heated with baryta-water to 100 for a con-

siderable time, yields acetate of baryta and mannitan, which latter,

after the baryta has been removed by dilute sulphuric acid, may be
obtained by evaporating the filtrate and digesting the residue in

absolute alcohol. 6. Benzo-mannite is digested with alcohol and

fuming hydrochloric acid for 8 or 10 days at mean temperature ; the

liquid is then mixed with water, filtered, and evaporated over the

water-bath ; the residue is freed from benzoic acid and benzoate of

ethyl by washing with ether, and from hydrochloric acid by agitation
with water and oxide of silver ;

the liquid is filtered and evaporated
to dryness ; and the mannitan contained in the residue is extracted by
absolute alcohol.

Properties. Viscid syrup, generally somewhat coloured. Tastes

rather sweet. Neutral. Volatilises partly undecomposed when heated
to 140, or somewhat higher.

Berthelot.

12 C
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Conjugated Compounds of Mannite.

Mannito-bisulphuric Acid.

C 12HUS4 24 = C 12H14 124S03
.

FAVRE. N. Ann. Ckim. Phys. 11, 77.

Mannitdisulfosdure. Acide mannimonosulfurique (Berthelot). Known only ia

combination with water and with bases (pp. 363).

Mannite is dissolved in oil of vitriol ; the solution is mixed with a

large quantity of water, neutralised with chalk, and filtered ; the
remainder of the sulphuric acid is removed by acetate of baryta ; and
the liquid precipitated with basic acetate of lead. The latter precipi-
tate, decomposed under water by sulphuretted hydrogen, after com-
plete washing with boiling water, yields an aqueous solution of man-
nito-bisulphuric acid, which decomposes at the boiling heat, and then

only forms precipitates with baryta- and lime-salts.

The lime-salt of this acid is precipitated from its aqueous solution

by alcohol and decomposes when boiled for some time, depositing
sulphate of lime.

Lead-salts. a. With 12 at. lead-oxide. On mixing the solution
of the lime-salt (prepared as above) with an equal quantity of alcohol
and precipitating with alcoholic sugar of lead, after filtering off the

sulphate of lime, a small quantity of a lead-salt is obtained, correspond-
ing in composition to the formula C 12H10Pb4 12,4S03

,8PbO, or
C6H5Pb05

,S
3 6

,5PbO according to Berthelot (N. Ann. Chim. Phys.
47, 336).

b. With 8 at. lead-oxide. Preparation as above. White precipitate
which turns slightly brown at 130 in vacuo, dissolves in dilute acids
and precipitates sulphate of lead when its solution in nitric acid is boiled
for some time. Insoluble in water.

12 C
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Appears to be produced under the same circumstances as mannito-bisulphuric acid

(p. 371), and known, like that compound, only in combination with water and with

bases. Discovered by Knop & Schnedermann. More recently (Pharm. Centr. 1849,

803, and 1850, 51), the former expresses a doubt as to whether the substances examined

by themselves and by Favre were of definite chemical constitution.

The lead-salt is obtained in aqueous solution by dissolving man-
nite in oil of vitriol, diluting with water, digesting with carbonate of

lead, and filtering from sulphate of lead ; and this solution, decomposed
by hydrosulphuric acid, yields aqueous mannito-tersulphuric acid, as a

colourless strongly acid liquid, which is resolved by evaporation into

mannite and sulphuric acid.

The mannito-twsulphates are easily decomposible, and are all soluble in

water. Knop & Schnedermann gave the formula C8H7M2O8,4SO3
; Gerhardt (Compt.

chim. 1, 20) and Strecker, that which is here adopted.

Potash-salt. Obtained as a yellow syrup by precipitating the

aqueous lead- or baryta-salt with sulphate of potash, and evaporating
the filtrate at a gentle heat. This syrup dries up between 50 and 60
to a translucent deliquescent gum, which is insoluble in alcohol and
contains a small quantity of sulphate.

Knop & Schnedermann.

12 C 72-0 .... 13-42 14'13
11 H 11-0 .... 2-05 2-40
6 S 9f.'0 .... 17-89 17-45

27 O 216-0 .... 40-25 40'04
3 KO 141-6 .... 26-39 25'98

C12HK3O12,6SO3 536-6 .... lOO'OO lOO'OO

Soda-salt. Obtained like the potash-salt, which it also resembles.

Knop & Schnedermann.
12 C
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Knop & Schnedermann.

12 C 72-0 .... 11-53 11-19

11 H 11-0 ... 1-76 2-03

6 S 96-0 .... 15-37 15'32

27 O 216-0 .... 34-59 35'11

3 BaO 229-5 .... 36'75 36'35

C12HuBa3O :2,6SO3
.... 624'5 .... lOO'OO lOO'OO

37-97 p.c. BaO corresponds to 57"82 p. c. BaO,SO3
.

Lead-salt. (Preparation p. 372.) The aqueous solution deposits sul-

phate of lead when evaporated at a gentle heat, and leaves a turpen-
tirie-like mass which decomposes on further exposure to heat. Pre-

cipitated by alcohol from the concentrated solution in oil-drops, which

dry up, in vacuo, to a yellow amorphous deliquescent mass, and
leave a small quantity of sulphate of lead when dissolved in water.

Knop & Schnedermann.

12 C 72-0 .... 9-87 9-48

11 H 11-0 .... 1-41

6 S 96-0 .... 13-26

27 O 216-0 .... 29-62

3 PbO 334'2 .... 45-84 44-38

C12HnPb3O12,6SO
3

.... 729-2 .... lOO'OO

Chlorhydro-mannitan.

C 12CPH10 6 = C 12H8 6

,2HC1.

BERTHELOT. N. Ann. Chim. Phys. 47, 334 ; Chim. organ. 2, 197 j Lieb.

Kopp. Jahresber. 1856, 661.

Mannite chlorhydrigue or monochlorhydrique ; Chlormannitanafer (p. 362).

Mannite is heated to 190 in a closed tube with 10 to 15 pts.

fuming hydrochloric acid ; the liquid is neutralised with carbonate of

potash, shaken up with ether, and evaporated ; the syrup is left at

rest for some months in vacuo ;
and the crystals which separate are

purified by recrystallisation from ether. There remains a mother- liquor,

perhaps consisting of similar compounds.

White, microscopic crystals resembling mannite, with a bitter aro-

matic taste and aromatic odour, which is emitted when they are heated.

Neutral. Melt s when heated, and solidifies in a crystalline mass on

cooling. Volatilises without decomposition when heated on platinum-

foil.

Berthelot

12 C
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forms hydrochloric acid. Decomposed by lime into mannitan and

hydrochlorate of lime. Not precipitated by nitrate of silver from the
alcoholic solution.

Soluble in alcohol and in ether.

Compound of Formic Acid with Mannite.

W. KNOP. J. pr. Chem. 48, 362 ; abstr. Ann. Pharm. 74, 347 ; Pharm.
Centr. 1849, 303.

Formite. Ameisensaure-Mannit (sea page 363).

Formed by heating mannite with excess of oxalic acid, which is

thereby resolved into formic and carbonic acids. The mixture is heated
for five hours to 110, then for a few hours to 96, to expel excess of

formic acid and carbonic acid, after which there remains a colourless

syrup which is liquid while hot, and solidifies on cooling
1

. From
this product, the last traces of formic acid may be removed by
ether.

When left for some time over oil of vitriol, it becomes turbid and

acquires an odour. In contact with bases, it is quickly resolved into 1 at.

mannite and 2 at. formate, and is therefore, perhaps, C 12H10 8
,2C

2H20*

(Knop). Later (Chemische Methoden, Leipzig, 1859, 281), Knop gives the for-

mula C 12H 14O 12
,C

2H2O4
, which does not agree with his earlier analysis. He regards it

as doubtful whether this compound belongs to the ethers of the third class (Ester, vii,

215), inasmuch as it is much less stable than Berthelot's mannitic ethers.

Ethylo-mannitan.

io _ C 12H10 8
,2C

4H60.

BERTHELOT. N. Ann. Chim. Phys. 47, 341 ; Chim. organ. 2, 203 ; Lieb.

Kopp. Jahresber. 1856, 663.

Mannitanvinqfer.

A mixture of mannite, potash-hydrate, a small quantity of water,
and bromide of ethyl, is heated to 100 in a sealed tube for 30 or 40

hours, then shaken up with ether and the extract evaporated.
Colourless, bitter syrup, which volatilises without decomposition

when heated ou. platinum-foil.
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Aceto-mannitan.

U _ C 12H10 8
,2C

4H3 3
.

BERTHELOT. N. Ann. Chim. Phys. 47, 315 ; Chim. organ. 2, 185 ; Lieb.

Kopp. Jahresber. 1856, 657.

Mannite acStigue or monoacetique. Biessigsaure - Mannitanather, Essigman-
nitanester.

Formation. By heating mannite with glacial acetic acid to 200
220. In contact with oil of vitriol and acetic acid, at mean temperatures, or with

glacial acetic acid at 100 C., mannite forms only traces of this compound.

Preparation. A mixture of glacial acetic acid and mannite is heated
to 200 220 for 50 or 60 hours ; and the product is mixed with

aqueous soda-solution, neutralised completely by adding a small quan-
tity of solid potash, and shaken up with ether as long as that liquid
takes up any of the compound. The ethereal extracts are decolorised

with animal charcoal and evaporated in vacuo at a gentle heat.

Properties. Neutral syrup, having a very bitter taste. Inodorous
in the cold, but gives off a peculiar odour when gently heated. When
heated on platinum-foil it volatilises almost without decomposition.
Decomposed with baryta-water, it yields 46'4 p. c, acetic acid (calc. 48'4 p. c. C4H 4O4

),

and 74*4 p. c. mannite, together with mannitan (calc. 73"7 p. c. mannite).

20 C
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Obtained, in larger quantity than aceto-mannite, by heating man-
nite with butyric acid to 200 for ten hours, and purified in the same
manner as aceto-mannite.

Semifluid, tenacious mass, intermixed with microscopic needles,
mobile and having a faint odour when hot. Neutral Tastes very
bitter. When heated on platinum-foil, it volatilises in thick vapours
and almost without decomposition. Decomposed by baryta-water, it yields 60'4

p. c. butyric acid and 52'2 p. c. mannitan (calc. 57'9 p. c. C8O8O4 and 54'0 C12H 12O10
.)

28 C
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Succino-mannitan.

14 - C 12H10 8
,C

8II4 6
.

VAN BEMMELEN. Scheikund. Verhandelingen en Onderzoek. 13 ; abstr.

Kopp's Jahresber. 1858, 434.

Bernsteinsa'ire-mannitanester (p. 363).

Mannite and succinic acid in equal numbers of atoms are heated

together in the oil-bath to 170, whereupon the mixture gives off

water and melts to a yellow liquid, and then solidifies to a hard, dark-

grey mass, which is to be triturated and well boiled with alcohol.

Tasteless. Neutral.

van Bemmelen.
at 170 180. mean.

20 C 120 .... 48-73 48'90

14 H 14 .... 5-68 5-53

14 O 112 .... 45-54 45-57

C2oHi4Oi4 246 .... 100-00 -100-00

Decomposed by prolonged boiling with water. Dissolves in oil of
vitriol and in warm nitric acid, succinic acid being set free, and mannite

entering into combination with the mineral acid. Decomposed by
boiling with lead-oxide, with separation of succinate of lead, part of

the lead, however, remaining in solution as mannito-succinate.

Insoluble in water, alcohol, and ether.

Mannitartaric Acid.

35 Qr C>H36 70
.

BERTHELOT. N. Ann. Chim. Phys. 47, 330 ; Chim. organ. 2, 200 ; Lieb.

Kopp. Jahresber. 1856, 660.

Acide mannitartrique or mannitritartrique, Mannitartersaure. Known only in

combination (p. 363).

When a mixture of equal pts. mannite and tartaric acid is heated
for five hours to 100 -- 120 in a open vessel, a glutinous very acid

mass is produced, which is a mixture of mannitartaric acid, tartaric

acid and mannite. This mixture is triturated with carbonate of lime

and a small quantity of water till it becomes neutral, then filtered and

precipitated with alcohol. The precipitated mannitartrate of lime

purified by repeated solution in water and precipitation with alcohol, and

decomposed in aqueous solution with an equivalent quantity of oxalic

acid, yields aqueous mannitartaric acid, which is gradually resolved

into mannite and tartaric acid.

Mannitartaric acid is terbasic. (Berthelot) If i at. of the acid be supposed
to contain 1 at. mamrite (C

12
), the acid must be regarded as sexbasic, and represented by
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the formula CH3O*> (Kr.) Its salts heated with hydrate of lime to 100
for fifty or sixty hours, are resolved into mannite, mannitan, and
tartaric acid.

M'annitartrate of Lime. Terbasic. White, loosely coherent, amor-

phous powder, which dissolves easily inwaterwhen recently'precipitated,
but with difficulty after drying, and is precipitated by alcohol. After

drying in vacuo, it retains 6 at. water, 4 at. of which, amounting to

6-0 p. c. (calc. 6-1 p. c. HO) go off at 140-

30 C
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Bicitro-mannitan.

= C 12H12 10
,2C

12H4 10
.

VAN BEMMELEN, loc. cit.

See pp.362, S63. 1 at. mannite is heated to 140 with 2 at. citric acid,

till the mass has become hard, dry and tasteless. Light yellow,
neutral mass, decomposed by boiling for some time with water or baryta-
water.

van Bemmeler.
mean.

36 C 216 .... 45-38 45*46

20 H 20 .... 4-20 4-46

30 O 240 .... 50-42 50'08

C36H20Q30 476 , ,. 100-00 , .. lOO'OO

Bibenzo-mannitan.

_ C 12H10G8
,2C

UH5 3
.

BERTHELOT. N. Ann. Chim. Phys. 47, 327 ; Chim. organ 2, 193 ; Lieb.

Kopp. Jahresber. 1856, 660.

Mannite benzoique or monobenzoique. Bibenzoemannitanesfer (p. 362).

Obtained by heating mannite with benzoic acid to 200 for ten hours,

and purified like aceto-mannite (p. 375), till it reacts neutral.

Tough, semi-solid resin which may be drawn out into threads.

Neutral, tasteless at first, afterwards bitter and aromatic.

at 120. Berthelot.

40 C ........................ 240 .... 64-52 ........ 64'1

20 H ........................ 20 .... 5-37 ........ 5'8

14 O ....................... 112 .... 30-11 ........ 30-1

C4oH2oOi4
.................... 372 .... 100-00 ........ 100-0

When heated on platinum-foil, it smells like roasted apples, chars,

and burns away without residue. Heated in a test-tube, it yields

needles of benzoic acid. When left for several months in contact

with water containing alcohol, it turns sour and gives off the odour of

benzoic ether. By alcoholic hydrochloric acid, baryta-water, and lead-

oxide, it is decomposed less easily than bibutyro-mannitan. By a

larger excess of benzoic acid between 200 and 250, it is slowly con-

verted into hexabenzo-mannitan.
Insoluble in water, nearly insoluble in sulphide of carbon, easily

soluble in alcohol and in ether.
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Hexabenzo-mannitan.

_ C 12H6 4
,6C

14H5 3
.

BERTHELOT, loc. cit.

Mannite tribenzo'ique ; Hexabenzoemannitanester. Bibenzo-mannitan is

heated to 200 250 in a sealed tube for 20 hours, with a large
excess of benzoic acid ; the neutral compound thus formed is extracted

from the product, and treated in like manner with benzoic acid a second

time ; and the product is purified like aceto-mannite.

Solid, neutral resin, which is decomposed by heating with hydrate
of lime, and contains 73 '4 carbon, 5 '2 hydrogen and 21'4 oxygen, corres-

ponding to the formula C^H3^22
(calc. 73-1 p. c. C., 4-6 H. and 22'3 0.)

Nitro-mannite.

C 12N6H8 36 = C 12H8X6 12
.

FL. DOMONTE & MENARD. Compt. rend. 24, 89 and 391 ; N. J. Pharm.

12, 159 ;
Pharm. Centr. 1847, 892.

SOBRERO. Compt. rend. 25, 121 ; Ann. Pharm. 64, 397 ; Dingl. 105,

378.

A. STRECKER. Ann. Pharm. 73, 59.

A. KNOP. Pharm. Centr. 1849, 806; 1850, 49 ; J. pr. Chem. 48, 369;

49, 228 ; Ann. Pharm. 74, 347.

A. & W. KNOP. Pharm. Centr. 1852, 129 ; in detail : J. pr. Chem.

56, 337.

Mannite quintinitrique (Domonte & Mnard), trinitrique (Berthelot).

Preparation. 1 pt. of pulverised mannite is triturated with a small

quantity of nitric acid of sp. gr. 1-5 till it dissolves ; a small quantity
of oil of vitriol is added, then nitric acid and oil of vitriol alternately till

4J pts. nitric acid and 10J pts. oil of vitriol have been consumed. The

pasty mass is mixed with a large quantity of water; and the separated
nitromannite is collected, and purified by recrystallisation from alcohol.

(Strecker, Knop.) In the mother-liquid there remains a small quantity of a much
more fusible product, which may be extracted by ether after neutralisation with carbonate

of potash. (Berthelot.)

Properties. White, silky needles, melting between 68 and 72

(Bechamp, Compt. rend. 51, 258).

12 C
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Earlier formulae, the incorrectness of which has been shown by Strecker ( for the sake

of uniformity, the nitrogen is given in all cases as hyponitricacid ) : C 12H7X5O 12
(Domonte

& Menard) ;
C 12H9X4O 13

(Svanberg & Staaf, Berz. Jahresber. 1849, 360) ;
C 12H9X5O 12

(Stenhouse, Ann. Pharm. 70, 218). Svanberg & Staaf's analyses led Berthelot (Chim.
organ. 2, 195) to regard the product examined by them as Mannite dinitrique C6H4X2O5

(
= C12H8X4O 10

), for which, however, according to Strecker's investigation, there is no
real ground, even if (as in the case of dulcite) later experiments should reveal the exist-

ence of two nitro-compounds. (Kr.) According to Knop and others, nitro-mannite

contains nitric acid as a proximate constituent, a view of its constitution resting on

arguments similar to those adduced in the case of pyroxylin (p. 174).

Decompositions. 1. Nitro-mannite, when kept for some years, under-

goes a spontaneous decomposition attended with evolution of red vapours
and of nitric acid (Strecker). See the corresponding decomposition of nitro-

dulcite. 2. When heated to 90, it regularly gives off red vapours and
leaves a hard, white, friable residue (Bechamp, Compt. rend. 41, 258).
When carefully heated in a test-tube, it melts, with slight evolution of

red vapours, and solidifies in the crystalline form on cooling. When
less strongly heated, it detonates, with abundant evolution of red

vapours, and leaves no residue (Strecker). 3. It does not explode by
slight friction, but when struck with a hammer, it detonates violently
without apparent emission of red vapours, and sets fire to gunpowder
mixed with it (Sobrero). 4. Oil of vitriol dissolves nitro-mannite

abundantly and without evolution of gas ; even the addition of copper-

turnings produces no alteration ; but a few drops of water eliminate

large quantities of red vapour, whilst the solution takes up copper and
becomes gTeen (Strecker). Oil of vitriol diluted with from 2 to 4 per
cent, of water eliminates from nitro-mannite, after some time, colourless

vapours of nitric acid (Knop). 5. When an alcoholic solution of

nitro-mannite is mixed with a large excess of sulphide of ammonium which
is completely saturated with hydrosulphuric acid, it is reduced to man-
nite, with evolution of a large quantity of ammonia and separation of

sulphur. If sulphide of ammonium less completely saturated with

sulphuretted hydrogen be used, there remains, on evaporation, a
coloured product, containing, in addition to mannite, the ammonia
salt of an organic acid (Dessaignes, Compt. rend. 33, 462) ; see also Knop.
Pharm. Centr. 1849, 807. 6. By continued boiling with aqueous bisulphite

of ammonia completely saturated with sulphurous acid, nitro-mannite is

reduced to mannite, with formation of sulphate, nitrite and nitrate of

ammonia (A. & W. Knop). Sulphurous acid and hydrosulphuric acid do not

appear to act on nitro-mannite. 7. By ferrous acetate it is reduced to man-
nite (Bechamp, N. Ann. Chim. Phys. 46, 354), for the most part to

rnannitan (Berthelot). By treating nitro-mannite with hydrochloric
acid and iron, copper or zinc, mannite and many decomposition-pro-
ducts are obtained.

8. By boiling aqueous or cold alcoholic potash, nitro-mannite is

dissolved, with red brown coloration. (Strecker.) 9. Nitro-mannite
heated with baryta-water to 100 for forty hours, is dissolved with yellow
colour, but neither mannite or rnannitan can be detected in the solution

(Berthelot, N. Ann. Chim. Phys. 47, 340).
Nitro-mannite dissolves in alcohol and in ether, especially with aid

of heat.
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Second Appendix to Mannite.

Mannitic Acid.

C 12H12 U
.

GORUP-BESANEZ. Ann. Pharm. 118, 257.

The formation of a non-volatile acid from mannite was fir^f; observed by Dobereiner

(J. pr. Chem. 28, 498, and 29, 452). This acid is produced from mannite under the

influence of platinum-black (p. 360) j perhaps, also, with the aid of nitric acid (p. 360).

Preparation. A mixture of 1 pt. mannite and 2 pts. platinum-black
is moistened with water and left to itself at a temperature not exceed-

ing 30 or 40, the water which evaporates being frequently renewed,
till the whole of the mannite is decomposed, which, if 20 or 30 grms.
of mannite are used, takes place in about three weeks, if the temperature
rises above 40, the acid undergoes further alteration, and if the mixture becomes dry,
it sometimes takes fire. The mass is exhausted with water

; the solution

is precipitated with basic acetate of lead; and the precipitate is

collected, washed, and decomposed by hydrosulphuric acid. The solu-

tion filtered from sulphide of lead is evaporated, first over the water-

bath, then, when it begins to show colour, in vacuo over oil of vitriol.

Properties. Gummy, amorphous mass, without any sign of crystal-
lisation. Tastes purely and strongly acid.

Decompositions. 1. When heated to 80, it turns brown, then black,
and gives off gas. 2. Heated on platinum-foil, it takes fire and burns

with a luminous flame and an odour of caramel, leaving charcoal.

3. Its aqueous solution turns brown when heated. 4. Aqueous man-
nitic acid heated with cupric-oxide and potash throws down cuprous
oxide ; from nitrate of silver it precipitates the metal.

Combinations. Mannitic acid dissolves in water in all proportions.
The concentrated solution does not yield crystals when shaken up with alkaline bisul-

phites.

With Bases. Aqueous mannitic acid decomposes carbonates with

effervescence, and dissolves zinc and iron, with evolution of hydrogen.
The bibasic mannitates C 12H10M2 U are all, excepting the lead and silver

salts, easily soluble in water, and most of them are amorphous or

granule-crystalline. They are insoluble in alcohol, and when preci-

pitated thereby, dissolve with difficulty in water after drying, and in

boiling water, they knead together to resinous masses, with partial

decomposition. They decompose with great facility.

Mannitic acid likewise forms basic salts ; mono-acid salts Gorup-
Besariez did not succeed in preparing. The aqueous acid is not pre-

cipitated by the salts of calcium, magnesium, aluminum, zinc, cadmium,

copper, silver, or mercury.

Mannitate of Potash. Mannitic acid exactly neutralised with
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aqueous potash, becomes turbid on addition of alcohol of about 90 per
cent., and deposits a brownish semi-fluid mass, perhaps bibasic mannitate
of potash. The solution half neutralised or completely neutralised

with potash-ley, turns brown and decomposes when left to itself or

evaporated over the water-bath, but does not yield crystals.

Mannitate of Baryta. Aqueous maunitic acid is precipitated by
excess of baryta-water. The clear solution of mannitic acid neu-
tralised with baryta-water turns acid from decomposition every time
it is evaporated over the water-bath. Mannitate of baryta contains
less baryta than is required by the formula of the bibasic salt.

Mannitate of Lime. Lime-water reacts with mannitic acid in the same manner

as baryta-water. Aqueous mannitic acid is heated with carbonate of lime
till the solution becomes neutral and no longer effervesces ; the cooled
filtrate is mixed with 2 vol. alcohol of sp. gr. 0*82 ; the flocks which
fall down are collected, washed with alcohol, and redissolved in

water ; and the solution is reprecipitated with alcohol. White,
earthy powder, or if the precipitate has been heated under alcohol,

round microscopic granules, without distinct crystalline form, which

give off adhering water at 100. After drying it is but partially
soluble in water, and melts when boiled therewith to a brown resin,

brittle when cold.

Dried.

12 C
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hydrated cupric oxide, dissolves only a small quantity, but reduces a

portion. From a mixture of the aqueous acid with cupric acetate,
alcohol throws down a blue-green precipitate, containing more cupric
oxide than the bibasic salt.

Bibasic. Aqueous mannitic acid is heated with green bibasic car-

bonate of copper (v. 414
; if the blue carbonate is used, reduction is apt to take

place), and the emerald-green solution is evaporated in vacuo over oil of

vitriol. A salt which sometimes separates from the green solution during cooling,

usually contains a larger proportion of cupric oxide than the bibasic salt. Shining,

green, friable plates, permanent at 100.

at 100. Gorup-Besanez.
12 C 72-0 .... 27-97 27-29
10 H 10-0 .... 3-88 4-09

2 Cu 63-4 .... 24 63 24-73
14 O 112-0 .... 43-52 43'89

Ci2HioCu2Oi4 257-4 .... 100-00 100-00

Mercurous salts and ammonia throw down from aqueous mannitic

acid a white precipitate, which gradually turns grey.

Mannitate oj Silver. A strong aqueous solution of mannitate of

lime, mixed with a syrupy solution of nitrate of silver, solidifies to a

white pulp, which must be washed with cold water. Light olive-

green, or greenish yellow powder. When heated in the liquid from
which it has been precipitated, it decomposes completely, with separa-
tion of metallic silver.

12 C
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extract, on cooling, yields crystals of dulcite, while a colourless, un-

crystallisable syrup remains (Laurent).

Properties. Colourless, highly lustrous prisms of the oblique

prismatic system, Fig. 67 without t, but with in from Fig. 69. Rhom-
bic prism u having its obtuse edge perpendicularly truncated by m ;

the ends accuminated by the octahedron a, and this truncated by the

oblique basic face p ;
u : u in front = 112 ; u : u (sideways) = 68 ;

u:m= 146 ;
m :p 113 45' (calc.) ; u:p = 109 30' (calc.) ;

a :p =
140 (obs.) ;

a : u = 149 30' (obs.) ; a" :p = 115 48' (calculated from
the preceding data), = 115 (obs.) ; a":u = 134 42' (calc.) = 135 30'

(obs.) (Laurent). Melts at about 190 (Laurent) ; at 182 and soli-

difies in the crystalline state at 181 (Jacquelain). Grates between
the teeth. Inodorous, but has a rather sweet taste (Laurent). No
rotatory power (Biot, Jacquelain). Neutral. Sublimes under the
same circumstances as mannite (Berthelot). (See Melampyrite in the

Appendix.)

12 C .
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uncrystallisable, sticky mass (Jacquelain). 4. With biniodide of phos-
phorus, dulcite behaves like mannite (Berthelot, Chim. organ. 2, 208).
5. Nitric acid converts it into mucic acid (Laurent). Dulcite, boiled with
nitric acid according to Liebig's method (see Milk-sugar, p. 220), yields
mucic, oxalic, and racemic acids. As long as the formation of the
latter acid goes on, the solution contains a substance which reduces

potassio-cupric tartrate in the same manner as grape-sugar. Whilst
therefore milk-sugar, treated with nitric acid, yields (dextro-) tartaric

acid, dulcite, treated in like manner, yields (inactive) racemic acid.

(Carlet, Compt. rend. 51, 137, and 53, 343). 6. From the solution in

fuming nitric acid, dulcite is precipitated by adding oil of vitriol, and

pouring in water, as hexnitrodulcite (Bechamp, Compt. rend. 51, 257).
Water does not precipitate the nitric acid solution.

7. Dulcite dissolves slowly and without colouring in oil of vitriol

and forms dulcisulphuric acid. The solution, if heated above 40 or

50, blackens and gives off carbonic and sulphurous acids (Jacquelain).
According to Berthelot, dulcite is not carbonised at 100, either by oil

of vitriol or by fuming hydrochloric acid. Oil of vitriol, diluted with
20 pts. of water, likewise forms a small quantity of dulcisulphuric acid,
when heated to 100 for six hours, without altering the rest of the
dulcite. When the solution of dulcite in oil of vitriol is diluted with

water, and neutralised with carbonate of baryta, a solution of dulci-

sulphate of baryta is obtained, which, after evaporation in vacuo,
remains as a translucent, adhesive mass having a bitter and sharp
taste, soluble in dilute alcohol, less soluble in absolute alcohol and
insoluble in ether, not precipitable from its solutions by aqueous
nitrate of lead or nitrate of silver. From its solution, mixed with basic

acetate of lead, alcohol throws down dulcisulphate of lead.

8. Dulcite heated with acetic, butyric, benzoic or stearic acid to 200,
or with tartaric acid to 100, forms peculiar compounds called

Dulcitanides, which resemble the mannitanides (p. 362) in all respects,
and like the latter, take up water and are resolved into dulcitan arid

acid. (Berthelot, Compt. rend. 41, 452.)

9. Dulcite boiled with dilute potash-ley (or concentrated, according
to Jacquelain) is dissolved, and crystallises unaltered on cooling.

(Laurent.) Very strong potash-ley, at the boiling heat, forms, with
dulcite a syrup which is not precipitated by alcohol (Laurent). When
dulcite, is fused with hydrate of potash, or subjected to dry distillation

with potash-lime, hydrogen is evolved, mixed with small quantities
of ammonia (from the cyanogen in the potash, Kr.) and marsh-gas ; some-
times also an oil smelling like acetone passes over. In the residue

there remain carbonate of potash, a large quantity of oxalate and a
small quantity of butyrate, the latter recognisable by its odour after

supersaturatiou with sulphuric acid (Jacquelain). 10. From potassio-

cupric tartrate, dulcite does not precipitate cuprous oxide, even after

boiling with acids (Berthelot).

11. Dulcite does not ferment in contact with yeast. (Soubeiran,
Jacquelain.) It undergoes the same decomposition as mannite (p. 365),
into alcohol, lactic acid and butyric acid, when left in contact for some
weeks at 40 with cheese (or pancreas tissue) and chalk; like mannite
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it also forms a peculiar sugar by contact with testicular tissue (Ber-
thelot, N. Ann. Chim. Phys. 50, 348 and 372).

Combinations. Dulcite dissolves readily in water, and crystallises
from the boiling saturated solution on cooling. Aqueous dulcite dis-

solves lime (Berthelot).

With Baryta. Baryta-water is added to aqueous dulcite, and the
solution is concentrated in a flask. On cooling, it deposits four-sided

prisms, terminated by an acute pyramid with rectangular base. They
must be quickly washed with aqueous alcohol. This compound gives off

27'4 p. c. water at 170 and contains 29*7 p. c. barium, agreeing with
the formula C 12Hu 12

,2BaO + 14 aq. (calc. 27'33 p. c. HO and 29'71

Ba). (Laurent.)
Dulcite is not precipitated by aqueous acetate of lead, either neutral or

basic (Laurent), by nitrate of silver, or by terchloride of gold, and is not
altered by either of these reagents, even at the boiling heat. (Jac-

quelain.) From its concentrated aqueous solution, it is precipitated by
ammoniacal sugar of lead (Berthelot).

Nearly insoluble in boiling alcohol (Laurent).

Appendix to Dulcite.

Dulcitan.

C 12H12 10
.

BERTHELOT. Chim. organ. Paris, 1860, 2, 209.

Dulcinane

Obtained by heating dulcite for some time to near 200, or by the

decomposition of dulcitanides, in the same manner as mannitan (p. 369)
from mannite and mannitanides, and purified in the same manner as
mannitan. A viscid syrup, probably dulcitan, is obtained by reducing hexnitro-

and quadrinitrodulcite with ferrous salts (Bechamp, Compt. rend. 51, 258).

Scarcely fluid, neutral syrup, which volatilises perceptibly at 120,
and is partially converted into dulcite by prolonged contact with water,
or by heating with baryta-crystals and water.

Soluble in water and in absolute alcohol, but not in ether.

Conjugated Compounds of Dulcite.

Butyro-dulcitan.

CMH*O" = C12H10 8
,2C

8H7 3
.

BERTHELOT. Chim. organ. 2, 210.

Dulcite butyrique, Buitersauredulcitanesicr. Obtained from butyric
2c 2
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acid and dulcite at 120, in the same manner as acetomannitan (p. 375),

from mannite and acetic acid, and purified like that compound.
Colourless, inodorous, viscid oil which tastes bitter and also like

butyric acid. Neutral. Decomposed by alcoholic hydrochloric acid,

into dulcitan and butyrate of ethyl.

Sparingly soluble in water, easily in alcohol and ether.

Dulcitartaric Acid.

Q28JJ20Q30
_ C 12H12 10

,2C
8II4 10

.

BERTHELOT. N. Ann. Chim. Phys. 54, 77.

Known only as a lime -salt, which is prepared in the same man-
ner as manni-tartrate of lime. This salt, after drying in vacuo, retains

water of which 11'7 p. C. goes off at 110 (8 at. by calculation = 11-8 p. c.).

28 C
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Needles harder and less flexible than those of hexanitrodulcite ;

crystallises from alcohol, in beautiful translucent prisms. Melts to a

pasty mass at 130, completely at 140, and gives off red fumes at

145.
It is reduced by ferrous salts and forms a non-crystallisable syrup,

probably dulcitan.

Hexnitro-dulcite.

K)38 = C12X6H8 12
.

BECHAMP. Compt. rend. 51, 257.

Dulcine trinitrique = C6H4O3,3NO5
. (Bgchamp.)

A solution of dulcite in 5 pts. fuming nitric acid is mixed with
10 pts. oil of vitriol, and the mixture, which becomes turbid, is imme-

diately thrown into a large quantity of water. The semifluid precipi-
tate solidifies slowly to a buttery mass, which, after washing with

water, crystallises from alcohol in needles.

Beautiful, colourless, flexible needles, which melt between 68
and 72.

Gives off nitric acid vapours continuously and is in the end

wholly converted into quadrinitro-dulcite. When heated to 90, it is

converted, with regular emission of red vapours, into a pasty mass,
and then into a hard, friable, white, acid product.

Saccharo'idal Substance C 12H 15 13
.

Melampyrite.*

C 12H15 13 = C24II30 26
.

HUNEFELD. J. pr. Cliem. 7, 233 ; 9, 47 ; abstr. Bwz. Jahresber. 17, 312.
W. EICHLER. Ueber das Melampyrin, Moskau, 1855 ; abstr. Lieb. Kopp.

Jahresber. 1856, G65 ; N. Repert. 7, 259 ; Chem. Centr. 1859, 522 j

Rep. Cldm.pure, 2, 103.

Melampyrin. Found in the herb of Melampyrum nemorosum (Hiinefeld),
also of Scrophularia nodosa and Rhinanthus Crista Galli (Eichler).

Preparation. The decoction of the dried herb taken at the flower-

ing time is mixed with milk of lime till it exhibits an alkaline reaction,
then boiled up, filtered, concentrated to a small bulk, and acidulated
with hydrochloric acid. On cooling and further crystallisation, melam-
pyrite crystallises out, and may easily be obtained pure by recrystal-
lisation from water (Eichler). 2. The dried herb is boiled with water

* A paper by Dr. L. Gilmer, showing that Melampyrite is identical with Dulcite

(p. 384) has just appeared (Ann. Pharm. Sept., 1862), too late for insertion in the
text. The results will be given in the Appendix to this volume.
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containing- hydrochloric acid, the decoction is strained, mixed with milk

of lime till it exhibits a slight alkaline reaction, then concentrated,

whereupon it deposits succinate of lime, and the lime-compound of

melampyrite, which passes into the filtrate, is decomposed with hydro-
chloric acid ; it then deposits crystals, which may be purified by re-

crystallisation (Eichler). Hiinefeld evaporates the decoction to a

syrup, and leaves the melampyrite to crystallise out; removes from the

mother-liquors the substances precipitable by neutral arid basic acetate

of lead, and the excess of lead by hydrosulphuric acid, and again
evaporates. Eichler, instead of proceeding in this manner, precipitates
the decoction with neutral acetate of lead, boils the filtrate with lead-

oxide, removes dissolved lead by hydrosulphuric acid, and evaporates.

Properties. Colourless, transparent prisms, generally united into

crusts. Less sweet than milk-sugar. Sp. gr. 1*466 at 15. Melts
at 186, without loss of weight, to a clear liquid, which, on cooling,
solidifies to a crystalline mass, with cauliflower-like excrescences.
Neutral. Destitute of rotatory power (Eichler).

Eichler.

at 100 or melted. mean.

12 C 72 3770 37'79
15 H 15 7-85 7-83
13 O 104 54-45 54'38

Ci2H i5Oi3
i 91 100 .00 100 .00

Decompositions. 1. Fused melampyrite becomes slightly brown
when heated to 180, but still solidifies in the crystalline form on cool-

ing, the loss of weight amounting to about 1 per cent. 2. Heated
on platinum-foil, it emits a faint odour of caramel, takes fire and burns
with a white flame. 3. It dissolves in oil of vitriol, forming melam-

pyro-sulphuric acid, the solution turning brown when heated. 4. It
dissolves easily in warm nitric acid of sp. gr. T32 and crystallises on

cooling apparently without alteration. On heating the solution, nitrous
fumes are given off, and mucic and oxalic acids are formed. The
solution of melampyrite in cold nitro-sulphuric acid yields, on addition
of water, an oil which dissolves in alcohol arid ether, leaving a white

powder. The latter is obtained almost alone by the action of only
6 pts. nitrosulphuric acid continued for one day, whereas from 10 to
15 pts. acid acting for 2 or 3 days at 20 25 forms chiefly the pro-
duct soluble in ether, which, however, is itself a mixture of a crystal-
lisable and an oily nitro-compound. From the pulverulent nitre-com-

pound insoluble in ether, melampyrite-ammonia is formed by the action
of sulphide of ammonium (Eichler).

Melampyrite is not decomposed by boiling with dilute acids or

alkalis, or by potassio-cupric tartrate. It is not altered by heating
with dilute sulphuric acid and bichromate of potash, and when mixed
with potash-ley, does not reduce mercuric oxide. It does not ferment
with yeast. (Eichler.)

Combinations. Melampyrite dissolves in 25*5 pts. of water at 15,
easily in boiling water.

Melampyrite combines with bases. The compounds with the alkalis
and alkaline earths are soluble in water, those with lead-oxide and
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cupric oxide arc insoluble. Aqueous melampyrite does not precipitate
metallic salts. (Eichler.)

With Ammonia. Melampyrite crystallises, unaltered, from hot

aqueous ammonia, or after being heated with it to 120 ; but when
nitromelampyrite (p. 390) is decomposed by sulphide of ammonium, or
when the baryta- or lime-compound of melampyrite is decomposed by
carbonate of ammonia, the concentrated filtrate yields transparent,
colourless right prisms, which have an alkaline reaction, do not give off

ammonia at 100, but become carbonised at higher temperatures, with
loss of ammonia and without previous fusion, and are decomposed by
acids into melampyrite and an ammonia-salt. These crystals are

easily soluble in water. (Eichler.)

Potash-compound. Warm alcoholic potash dissolves melampyrite,
and the solution, when left to itself, deposits needles, which, having a
caustic alkaline taste, are easily soluble in water, absorb water and
carbonic acid from the air, and are converted into a mixture of melam-

pyrite and carbonate of potash. (Eichler.)

Soda-compound. Small flat needles, resembling the potash-com-
pound, but less soluble in alcohol.

Baryta-compound. When melampyrite is heated with water and

baryta-crystals, a clear solution is formed, which, on cooling, deposits
six-sided prisms. Easily soluble in warm water, less soluble in alcohol,

which, however, does not precipitate the aqueous solution. Gives off

26-73 p. c. water at 120. (Eichler.)

Eichler.

C12H 15 13 191-0 .... 40-64
2 BaO 153-2 .... 32*58 32'05

14 HO 126-0 .... 2678 2673

C 1JH15O 13
,2BaO+14aq 470-2 .... lOO'OO

Aqueous melampyrite dissolves lime. Melampyrite does not com-
bine with magnesia.

Lead-compound. An aqueous solution of melampyrite is not

precipitated by acetate of lead, either neutral or basic. From an
ammoniacal solution of the neutral acetate, aqueous melampyrite
throws down a white precipitate, which after drying at 100 in a
stream of hydrogen, contains 77'68 p. c. lead-oxide, corresponding to

the formula C 12H15Ol3
,6PbO, which requires 77'84 p. c. PbO. (Eichler.)

Copper-compound. Melampyrite boiled with cupric sulphate and

potash yields a clear blue solution. From aqueous melampyrite an
ammoniacal solution of cupric sulphate throws down a light blue pre-
cipitate, which after washing with weak aqueous ammonia, turns

green at 100, and contains 55'25 p. c. cupric oxide, agreeing there-

fore with the formula C 12H15 13
,6CuO, which requires 55'49 p. c. CuO.

(Eichler.)

Melampyrite dissolves in 1362 pts. alcohol of sp. gr. 0'835. From
the solution in boiling alcohol, a few transparent crystals separate on

cooling. It is slightly soluble in acetone, wood-spirit, chloroform, and
acetate of ethyl, insoluble in ether, benzene, oil of turpentine, and rock-oil.

(Eichler.)
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Conjugated Compounds of Melampyrite.

Melampyro-sulphuric Acid.

C12H15S6 31 = C 12H15 13
,6S0

3
.

ElCHLER, IOC. Clt.

The solution of melampyrite in oil of vitriol, diluted with water,
saturated with carbonate of lead, filtered from sulphate of lead and de-

composed by hydrosulphuric acid, then filtered from the sulphide of

lead and evaporated, yields melampyro-sulphuric acid in the form of a

syrup, which has a faint yellow colour, a sour and bitter taste, and
carbonises when heated, evolving sulphurous acid.

Melampyrosulphate of Baryta. Obtained by dissolving melampyrite
in oil of vitriol, diluting with water, neutralising with carbonate of

baryta, and evaporating the filtrate at a very gentle heat. In the
moist state it is a mass having the consistence of turpentine ; after

drying in vacuo it forms a transparent gum which dissolves readily in

water and is precipitated by alcohol. Decomposes at 100.

Eichler.

C 12H12O10
........................ 164-0 .... 25-88

3 BaO ................................ 229-8 .... 36'26 ........ 36'45
6 SO3

................................ 240-0 .... 37'86 ........ 37'79

C12H 12Ba3O13,6SO3
................ 633'8 .... lOO'OO

The lime-salt resembles the baryta-salt, but is not precipitated by-
alcohol from the aqueous solution. It does not precipitate either basic

acetate of lead, mercurous nitrate, or nitrate of silver. (Eichler.)

Appendix to the Carbo-hydrates.

Pectin.

VAUQUELIN. Ann. Chim. 5, 100; 6, 282. Ann. Chim. Phys. 41, 46.

PAYEN. J. Pharm. 10, 390.

BRACONNOT. Ann. Chim. Phys. 28, 173 ; 30, 96 ; Schw. 44, 141 ;

45, 400; N. Tr. 11, 1, 56; 13, 1, 126; J. Chim. med. 1, 509;
15, 166. Ann. Chim. Phys. 47, 266; N. Tr. 25, 2, 167. Ann.
Chim. Phys. 72, 433.

GUIBOURT. J. Chim. med. 1, 27; Schw. 44, 136; abstr. Mag. Pharm. 11, 41.

MULDER. Pogg. 44, 432 ; J. pr. Chem. 14, 277. J.pr. Chem. 16, 246.

FREMY. J. Pharm. 26, 368; Ann. Pharm. 35, 312; J. pr. Chem. 21, 1.

N. Ann. Chim. Phys. 24, 9 ; Ann. Pharm. 67, 257 ; J.pr. Chem. 45,

389; Preliminary notice, Compt. rend. 24, 1046; N. J. Pharm.

12, 13.

SOUBEIRAN. N. J. Pharm. 11, 417: J.pr. Chem. 41, 309; Pharm.
Centr. 184, 513.

POUMAREDE & FIGUIER. Compt. rend. 23, 918; N. J. Pharm. 11, 458.

Compt. rend. 25, 17 ;
N. J. Pharm. 12, 81 ; Ann. Pharm. 64, 387 ;

J. pr. Chem. 42, 25.
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CHODNEW. Ann. Pliarm. 51, 356.

Fn. JOHN. N. Br. Arch. 45, 24, and 129.

Vegetable jelly, Gelee vegetale, Grossuline, Pflanzengallerte.

Vauquelin showed, in 1790, that the expressed juice of tamarinds and other fruits

solidifies, when left at rest, to a transparent jelly, which may be purified by draining
off the juice and washing. This jelly, which was then likewise separated by Vauquelin,
Bostock, and John from other fruits, is sparingly soluble in cold water, easily in hot

water, and in alkalis, and may, therefore, be regarded as pectosic acid. Braconnot, in

1824, by exhausting plants with alkalis and precipitating the extract with acids, obtained

pectic acid (or pectosic acid) ; respecting which he showed, in 1832, that it does not

constantly occur ready formed, and not in all fruits, being more frequently produced
by the action of alkalis on pectin. Since that time the most exact experiments on

pectous substances have been made by Fremy. The statements of Chodnew and of

Poumarede & Figuier cannot with certainty be applied to either of Fremy's pectous
substances in particular. Chodnew's pectin is most nearly related to Fremy's para-

pectin ; his pectous and hyperpectic acids do not agree exactly with either of Fremy's
pectous substances. According to Mulder, pectin and pectic acid are distinguished
from one another by the different quantities of inorganic matter which are united in

them with the organic substance. The former may be regarded as a neutral, the latter

as an acid salt.

Occurrence and Formation. Many fruits in the unripe state,

fleshy roots and other parts of plants (vid. inf.) contain a substance
insoluble in water, alcohol, and ether : Fremy's pectose, which,

during the ripening of the fruit or by boiling with water, acids, or

alkalis, yields the several pectous substances. Of the latter, pectin,

parapectin (and perhaps pectic acid) are found in the ripe fruit, while

the over-ripe fruit contains salts of metapectic acid.

Pectous substances occur in lemons, oranges, currants, goose-
berries, bilberries, and the fruit of Solanum lycopersicon (Vauquelin,
Bostock, John) ;

in apples, pears, plums, and apricots, in the cucum-
ber and the fruits of other cucurbitaceous plants ( Braconnot), in the

tubers of Dahlia pinnata, Helianthus tuberosus, and the bulbs of Allium

Cepa ; in the roots of Scorzonera hispanica, Apium graveolens, Daucus

Car-ota, Brassica Napus, Pceonia offidnalis, Phlomis tuberosa, Rumex
Patientia, Spiraa filipendula (Braconnot), Gentiana lutea (Denis, J. Pliarm.

22, 304); in the root-bark of Aylanthus glandulosa (Payen), in the

stalks and leaves of herbaceous plants, in maple-wood, in the inner

bark of all trees, in the seeds, and, generally in every plant (Bracon-

not). The fruit of Arbutus Unedo contains parapectin (Filhol, Compt.
rend. 50, 1185). Cinchona-barks contain pectin, according to Velt-

mann (Schw. 54, 388), and Reichel ( Ueber Chinarinden u. deren chem.

Bestandth. Leipzig, 1856) ; according to Reichhardt (N. Br. Arch. 92,

12), they do not.

Calluna vulgaris and Erica herbacea contain a pectous substance ;

Ledum palustre contains a mixture of pectin and parapectin (Rochleder,
Wien. Akad. Ber. 9, 312). (On jellies from pine needles, pine-bark, and Thuja
occidcntalis see vol. xiii, pp. 239, 240, the jellies from yellow pods and the fruit of

Syringa are described in this Appendix) . A jelly from Fucus crispus was
examined by Mulder (J. pr. Chem. 15, 293) and Herberger (Repert. 49,

348) ;
another from Fucus amylaceus by Riegel (Jahrb. pr. Pharm. 6, 8),

from Rivularia tubulosa by Braconnot (Ann. Chim. Phys. 70, 206).
The existence of pectose in plants is demonstrated by the follow-

ing observations :

Pectin is precipitated by alcohol from the juice of ripe, but not of

unripe fruits. When the pulp of unripe fruits is washed with water
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as long as the water runs off acid, and the residual mass is boiled
with water, no pectin passes into the solution, but boiled unripe fruits,
or the solutions obtained by boiling

1 unwashed fruit-pulp with dilute

acids, or acid fruit-juice, are rich in pectin (Fremy).
When fruit-pulp or roots are macerated for several days with

strong hydrochloric acid, the solution contains only traces of pectin,
but if they are boiled for some minutes with slightly acid water, the

pectin passes into solution. In this case, insoluble compounds of

pectin, if such had existed in the fruit-pulp, must have been decom-

posed without the aid of heat (Fremy).
During the ripening of fruits, the cellular tissue, which is at first

thick and formed of several superposed membranes, becomes thinner,
and is converted into soluble products, at the same time that the

incrusting layers of pectose dissolve in the form of pectin. If a thin
slice of the fruit be placed under the microscope in contact with

aqueous cupramrnonia for some hours, the woody fibre dissolves, the
insoluble residue still exhibits the form of the cells, and is formed of

green cupric pectate, which is decolorised by acids, with separation of

pectic acid. In this case, the pectic acid is formed from pectose,
whereas the same substance, when treated with dilute acids, dissolves
as pectin, and when boiled with milk of lime, as metapectic acid

(Fremy).
The observations of Soubeiran and Chodnew (vid. inf.) do not quite

agree with those of Fremy. When peeled quinces, not perfectly ripe,
are rubbed to a pulp, the juice filtered off, boiled up, filtered again,
cooled, and mixed with a large quantity of alcohol, only a very small

quantity of jelly is produced. If the remaining substance be washed,
and, while still acid, boiled for some minutes with water, and finally

again with hydrochloric acid, a jelly is again obtained. Perfectly ripe

quinces yield but a small quantity of jelly when their juice is preci-

pitated with alcohol, but a large quantity when the entire fruit is

boiled with water. The jelly, after being washed with alcohol, dis-

solves but partially in water, a portion not dissolving till it has again
been boiled with acidulated water. From the juice of other fruits,

also, alcohol precipitates pectous substances only partly soluble in

water (Soubeiran). See also other experiments of the same kind by Soubeiran

(N. J. Pharm. 11, 418 and 12, 420).

Chodnew obtains from washed roots or unripe fruits, by boiling
with hydrochloric acid, not pectin, but the substance which he calls

pectous acid (p. 396), afterwards from the substances thus exhausted
with acids, hyperpectic acid may be extracted by boiling with potash-
ley (not with ammonia). He regards both these bodies, pectous acid

C28H21 25
,
and hyperpectic acid C28!! 1^27

, as existing ready-formed in

the fleshy part of the fruit and in the root, and as capable of yielding
pectic acid, when these substances are boiled without having been

previously exhausted with acid, according to the equation C28H21 25

+ C28H19 27 =
^C

28!!2^26
. But, since his pectous acid is converted

into pectic acid by solution in potash-ley and precipitation with

acids, a change which appears to take place without evolution of

hydrogen or absorption of oxygen, the two acids cannot stand to one
another in the relation indicated by the formulas above given. Pectous

acid, according to Chodnew, occurs in turnips in combination with lime,
and may be extracted by boiling water after the lime has been re-

moved by cold hydrochloric acid.
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Preparation. The expressed and filtered juice of very ripe pears is

treated with oxalic acid to precipitate the dissolved lime, and with
tannic acid to precipitate albumin, and the filtrate is mixed with alcohol

which precipitates pectin in long threads. These are purified by wash-

ing with alcohol, repeated solution in cold water, and precipitation with

alcohol, till neither sugar nor an organic acid can be detected in the

solution (Fremy). Pure pectin leaves no residue when it is treated with excess of

baryta-water, and the solution filtered from the pectate of baryta is evaporated (Fremy.)

Braconnot boils the recently expressed juice of ripe apples for a
while to coagulate the albumin, precipitates the filtrate with alcohol, and

purifies it by repeated solution in water and precipitation with alcohol.

Guibourt leaves currant-juice to ferment slightly and solidify to a

jelly, and boils the jelly with alcohol. The product thus obtained is

probably pectosic acid (Kr.).
Poumarede & Figuier leave comminuted gentian roots to soften in

warm water, wash them thoroughly with water and very dilute acetic

acid, and digest the roots thus prepared with very dilute acetic acid at

80 90 for half or three-quarters of an hour, and precipitate the
solution with alcohol of 36. The precipitated pectin, purified by
pressure, repeated solution, and precipitation and washing with alcohol

and ether, is a neutral, light, fibrous substance yielding from 8 to 9

p. c. ash and containing at 120, on the average, 43*38 p. c. carbon,
5*67 hydrogen, and 50*95 oxygen ; according to Poumarede & Figuier.
it is isomeric with cellulose. It is not blackened by oil of vitriol, it is-

converted into pyroxylin by nitrosulphuric acid, and it reduces ferric

salts. From its aqueous solution it is precipitated by concentrated

aqueous alkalis and by many salts. After its aqueous solution has
been treated with very dilute potash, it is not precipitated by acids as

pectic acid, but may be recovered with all its properties by addition

of alcohol. The transformation of pectin into pectic acid does not
take place till the mineral substances contained in the former have

undergone a transformation [of what kind? Kr.]. From carrots Pou-
marede & Figuier obtain a pectin [different from the former ?] by washing
the root-pulp with water and dilute acetic acid, then boiling it with
dilute carbonate of soda, neutralising with hydrochloric acid, and pre-

cipitating with alcohol. This pectin likewise dissolves in water, and

contains, at 120, 43*33 p. c. carbon, 5*66 hydrogen, and 51 '01 oxygen.
Mulder precipitates the expressed and filtered juice of apples with

alcohol and boils the precipitate with alcohol to remove sugar, malic
acid and tannin. Such pectin from sweet apples, after deduction of

5*9 p. c. ash, contains 44*59 p. c. carbon, 5*35 hydrogen and 50*06

oxygen; from sour apples, after deduction of 9*3 p. c. ash, 45 '23 C.,

5*47 H., arid 49*30 0. It is precipitated on agitating its aqueous solu-

tion with hydrated lead-oxide, also by basic acetate of lead. The
latter precipitate contains 56*62 p. c. lead-oxide, and after deduction
of this, 45*00 p. c. C., 5*37 II., and 42*53 0. (What becomes of the

ash? Kr.).

Chodnew obtains pectin : a. By boiling crushed pears with water,

precipitating the filtered juice with alcohol, and washing with alcohol

and ether, whereby it becomes opaque, and acquires the texture of

woody fibre, yields after drying at 115, 8*63 p. c. ash, and after

deduction of this, 46*04 p. c. C., 5*50 H., and 48*46 0. This pectin is

not precipitated by chloride of barium, but it is precipitated by neutral

acetate of lead and sulphate of copper, and therefore agrees with
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Fremy's parapectin (p. 399). b. Or he obtains it by boiling the

expressed juice of bruised apples, precipitating with alcohol, redis-

solvirig in water, mixing the solution with hydrochloric acid, and pre-

cipitating with alcohol. It contains 1/6 p. c. ash, and after deduction

of this, 43-75 p. c. C., 5*52 H., and 50'73 0. This pectin resembles
that obtained by a, but has a slight acid reaction and sometimes
reduces an alkaline solution of cupric oxide. Its lead-compounds con-

tain 23 and 33*45 p. c. PbO. Pectin prepared from pears, accord-

ing to b, contains 1-23 p. c. ash and 43 -79 p. c. C., 5 -84 H. and
50-37 0. Chodnew gives the formula C^EFO21

.

Chodnew's pectous acid is obtained from the washed pulp of turnips
or apples, by boiling with hydrochloric acid and precipitating with

alcohol, after which it is washed with alcohol and ether, pressed and
dried at 120. Non-friable mass, resembling woody fibre, slightly acid,
and soluble in water even after drying. Contains 0*83 p. c. ash, and on
the average 43'16 p. c. C., 5*60 H. and 51'24 0. ; according to Chodnew
= C28!!21^25

. It is converted into pectic acid by solution in potash-

ley and precipitation with hydrochloric acid, precipitated from the

aqueous solution as a jelly by excess of potash-ley or lime-water, but
not by chloride of potassium. If the solution has been previously
mixed with ammonia, chloride of potassium throws down a jelly
soluble in hydrochloric acid. From aqueous pectous acid, neutral

acetate of lead precipitates a jelly soluble in acetic acid, and when
dried at 120, containing 34-02 p. c. C., 4*22 H., 39*63 0. and 22-13
PbO. (C^IPO^PbO, according to Chodnew). A mixture of aqueous
pectous acid and nitrate of silver becomes viscid after a while, acquires
a faint dark red colour, becoming dark brown-red after addition of a
little ammonia and heating ; alcohol throws down from the same solu-

tion a jelly, which becomes reddish at 100, and contains 33*62 p. c.

C., 4-12 H., 39-05 0. and 23-21 AgO. (C
28II20 24

,AgO., according to

Chodnew). Chodnew thinks it probable that this pectous acid is

identical with pectin. On Chodnew's Hyperpectic acid, see Pectic acid.

Properties. White amorphous mass, obtained by evaporation of its

aqueous solution, in transparent lamines (Braconnot), and by precipita-
tion of its concentrated solution, in threads, from its dilute solution, in

the form of a jelly. Neutral. Tasteless. Destitute of rotatory power.
(Fremy.)

Fremy.
Calculation according to Fremy. mean.

64 C 384 40-67 39'92

48 H 48 5-08 5'50

64 O 512 54*25 54'58

C64H48O64 944 ] oo-OO 100 .00

After deduction of about 1 p. c. ash. Numbers different from those in Fremy's
analyses were obtained by Mulder, Chodnew, and Poumarede & Figuier, who have also

proposed other formula (see above). Gerhardt (Compt. chim. 1849, 62) gave the
formula C*H*Q,2HOj Berzelius (Jahresber. 24, 373) gave C^H^O90

; Gmelin
C24H 18O24

. If these formulae were adopted, those of all the other pectous substances
would require alteration. Fremy's formulae for the whole of the pectous substances are
also considered doubtful by many chemists.

Decompositions. When pectin (or one of the other pectous sub-

stances) is heated to 200, carbonic acid and water are evolved, and
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black pyropectic acid is formed. This acid contains 51-32 p. c. C.,
5-33 II., and 43'35 0., corresponding to the formula CU!P09

(calc.

50-96 C.,5-46 H. and 43-58 O) ;
it is insoluble in water, but dissolves with

brown colour in aqueous alkalis (Fremy). Pectin when burnt, smells
like burning tartaric acid (Fremy). Pectin boiled with nitric acid, is

very easily converted into saccharic acid, and by longer boiling, into
mucic acid (Fremy). It does not become coloured with nitric acid,

yielding mucic acid, but no sugar. (Chodnew). The solution of

pectin in strong nitric acid deposits pectic acid on addition of water
(Braconnot, Ann. Chim. Phys. 52, 294).

Under the influence of ivater, acids or alkalis, pectin suffers trans-

formations, taking up or giving off water, or merely suffering molecular

alteration, and producing other pectous bodies, those which are first

produced frequently undergoing further alteration by the action of the

reagent employed. Several of these pectous substances may be
obtained directly from pectose.

The substance called pectase, which occurs together with pectose
in fruits and roots, acts on pectin as a ferment, somewhat in the same
manner as emulsin and diastase act on other bodies. It is precipitated
by alcohol from the juice of carrots and turnips, and thereby loses its

solubility in water. Unripe apples and other fruits contain it in the
insoluble state. It is rendered inactive by putrefaction or by prolonged
boiling with water (Fremy).

General view of the transformations of Pectin and the mutual relations oj

Pectous substances.

1. Pectose heated with dilute acids is converted into pectin, which
by longer boiling is transformed into rnetapectic acid.

2. By boiling with milk of lime, it is converted into metapectic acid.

Probably pectic acid is formed in the first instance.

3. Pectin, when its aqueous solution is left to itself, changes into

metapectic acid. If pectose is likewise present, the change takes

place more quickly, pectosic, pectic and metapectic acid being succes-

sively produced. When pectin is boiled with water, parapectin is

produced.

4. Pectin boiled with strong acids, is converted into metapectic
acid.

5. By cold dilute aqueous alkalis, it is converted into pectosic acid,
which quickly undergoes further transformation into pectic acid, or by
boiling with strong alkalis into metapectic acid.

6. Parapectin boiled with dilute acids is converted into metapectin ;

aqueous alkalis convert it into a pectate.

7. Metapectin is converted by alkalis into salts of pectic acid.

8. Pectosic acid is converted into pectic acid by boiling with water,
either pure or alkaline, or by contact with pectase. When boiled
with aqueous alkalis, it forms metapectic acid.

9. Pectic acid is converted, by long contact with water in the cold,
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more quickly at the boiling heat, into parapectic acid, then further
into metapectic acid. Boiling with acids or alkalis likewise converts
it into metapectic acid.

10. Parapectic acid in contact with water, is quickly converted into

metapectic acid.

11. Metapectic acid cannot be converted into any other substance
of the pectin group.

Note to 3. A recently prepared aqueous solution of pectin is not

precipitated by neutral acetate of lead, but becomes precipitable

thereby after standing for several days. The precipitate at first pro-
duced contains 15*67 p. c. lead-oxide ;

if the same pectin be boiled or

left for some time in contact with water, precipitates are formed con-

taining 16-54 and 24- 6 p. c., and finally, after very long boiling,
49*42 p. c. lead-oxide.

When aqueous pectin at 30 is mixed with pectase, the solution

becomes gelatinous after a while, from separation of pectosic acid.

This transformation is likewise produced by insoluble pectase (vid. sup.),
and takes place even in close vessels and without evolution of gas. The
juice of carrots and mangold-wurzel brings about the same decompo-
sition of pectin-solution, probably because it contains soluble pectase ;

on the other hand, the juice of unripe apples and other unripe fruits

does not act upon pectin, whereas the fleshy part of fruits containing
insoluble pectase does exert an action upon it. By further alteration

the pectosic acid is finally converted into metapectic acid, unmixed
with any other product.

The jelly into which the juice of dried fruits solidifies, dissolves

for the most part in boiling water, and then consists of pectin and

pectosic acid, formed by the successive transformation of the pectose
(under the influence of acids and pectase). If however the fruits

are rapidly heated, the pectase may become inactive before it has
effected the transformation of the pectin. Other jellies are formed by
the solution of pectic acid in the salts of organic acids.

Note to 4. No sugar is formed by boiling pectin with dilute acids,
even for several hours (Fremy). Pectin, boiled with a small quantity
of hydrochloric or dilute sulphuric acid, becomes rose-red, and on adding
alcohol to the solution, nothing is separated but a few flocks which
settle down on standing. The solution contains

"

sugar and a soluble

baryta-salt, perhaps of malic acid. (Chodnew.)

Note to 5. Even the smallest quantity of fixed alkali converts

pectin into pectic acid, and larger quantities separate a basic pectate.

(Braconnot.) Cold aqueous ammonia, potash, or soda, or a cold solu-

tion of an alkaline carbonate, first produces pectosic acid. (Fremy.)
Pectin boiled with the carbonates of the alkaline earths, decomposes
them and forms soluble compounds, from which the pectin may be
recovered. With excess of lime-water, it forms insoluble pectate of

lime, no organic substance passing into the solution. By excess of

alkali it is instantly converted into pectic acid, which may be precipi-
tated by acids, but when thus obtained is very easily transformed
into metapectic acid. (Fremy.) If a cold aqueous solution of pectin

(or pectous acid) be mixed with a small quantity of potash-ley, acids
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precipitate from it a jelly, which, after washing with diluteliydrochloric
acid and alcohol, and drying- at 120, dissolves readily in water, and is

not precipitated by acids, and therefore does not consist of pectic acid.

This jelly yields a lead-salt containing 23*2 p. c. lead-oxide. (Chodnew.)
A boiling aqueous solution of pectin mixed with excess of potash-

ley, frequently gives no precipitate with acids, because the pectic acid
formed in the first instance has been already converted into metapectic
acid.

Combinations. Pectin dissolves readily in water. The solution is

gummy and very viscid, but if free from albuminous substances, does
not solidify to a jelly. (Fremy.)

Pectin unites with the alkaline earths (p. 398). It is precipitated
from its aqueous solution by basic acetate of lead, but not by the neutral

acetate. (Fremy.) The lead-compound formerly described by Fremy appears to

have contained parapectin.

Alcohol added to a concentrated aqueous solution of pectin, throws
down threads ; from a dilute solution it separates a transparent jelly.

(Fremy.) Pectin is not precipitated by tincture of galls. (Braconnot.)

Parapectin.

FREMY. N. Ann. Chim. Phys. 24, 14.

Soluble in water, like pectin and metapectin ; distinguished from
the former by being precipitable by neutral acetate of lead, and from
the latter by not being precipitated by chloride of barium (pp. 399
and 400).

Aqueous pectin, when boiled for several hours, loses its gummy
consistence, and is converted into parapectin, which is precipitated by
alcohol in the form of a translucent jelly. It then still retains albu-

minous substances, which are precipitated from the aqueous solution

by addition of a small quantity of basic acetate of lead.

Amorphous, neutral substance resembling pectin. Tasteless. Iso-

meric with pectin at 100, but gives up 2 at. water when heated to

140.

Fremy.

64 C
46 H
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of lead. The precipitate obtained on one occasion contained 11 '9 p. c.

PbO (c
64H46O62,HO,PbO = 10-7 p. c.), in other cases, from 18'8 to 19'6 p. c.

or more.

Bibasic. Fremy.
64 C 384-0 33-41 33-06
46 H 46-0 4-00 4'29
62 496-0 43-16 43'45
2 PbO 223-4 19-43 19'20

CG4H46O62,2PbO 1149-4 100-00 lOO'OO

Metapectin.

FREMY. N. Ann. Chim. PTiys. 24, 17.

Soluble in water, like pectin and parapectin ; distinguished from
both by its acid properties and precipitability by chloride of barium

(p. 400).

Parapectin is quickly converted into metapectin by boiling with
dilute acids. Uncrystallisable. Has an acid reaction. Metapectin
dried at 100, gives off 2 at. water at 140.

64 C
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Obtained as the first product of the action of pectase or of aqueous
alkalis, on aqueous pectin, the solutions solidifying to a jellyimmediately
or after addition of acids

; but it is quickly converted into pectic acid

by the further action of the same agents, or by boiling with water.
It has an acid reaction.

32 C
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When carrots, beet, or Swedish turnips are boiled with weak acid,

in order to convert the whole of the pectose into pectin, so long as

pectin remains in solution, alkalis extract little or no pectic acid from
the residue ; old roots, however, yield a larger quantity than fresh

roots. The greater portion of the pectic acid is therefore formed

during the reaction; but as pectic acid when boiled with acids is first

altered and afterwards dissolved, the experiment is not decisive

(Fremy). In another place, Fremy states that fruits and roots yield

pectic acid to alkalis, even after exhaustion with acids.

Formation. (See page 394.) On the formation of pectic or parapectic acid

according to Schoonbrodt, see Sugar (p. 252); on Sacc's pectic acid from wood, see

page 413.

Preparation. 1. Well washed carrot-pulp is boiled with water

slightly acidulated with hydrochloric acid, whereby pectin is dissolved.

This pectin is converted into pectate of soda by boiling with the

proper quantity of carbonate of soda (to be determined by trial) ;
the solu-

tion is precipitated with hydrochloric acid ; and the separated pectic
acid is dried, first in vacuo, then by heat. If too small a quantity of

carbonate is added, pectosic acid may be formed ;
if too much, meta-

pectic acid may be formed (Fremy). 2. The pulp of peeled turnips
is well washed with water and pressed, and the residue is boiled for

three quarters of an hour with water to which y
1

^ of carbonate of soda,
or a small quantity of hydrate of potash, has been added. The liquid
is filtered, the solution is precipitated with chloride of calcium

;
and

the pectate of lime is decomposed by hydrochloric acid (Braconnot,
Regnault ; Simonin, J. Pharm. 20, 478 ; Ann. Pharm. 13, 641). Keg-
nault dissolves the still coloured pectic acid in aqueous ammonia;
decolorises it with animal charcoal at 60 to 80 ; precipitates the filtrate

with hydrochloric acid ; and repeats the solution in ammonia and pre-

cipitation with acid, in order to remove the mineral constituents.

3. The pulp of carrots or celery is exhausted by washing with pure
water, boiling with water containing hydrochloric acid, and again
washing with pure water; the residue is boiled with very dilute

potash-ley, and the solution is precipitated with hydrochloric acid.

(Braconnot). Fremy obtained by this process only a small quantity of pectic acid

(vid. sup.). Chodnew boils turnips after trituration, washing and press-

ing, with very dilute potash, for half to three-quarters of an hour ;

strains ; precipitates the still turbid solution with hydrochloric acid ;

washes the pectic acid several times, first with acidulated, then with

pure water ; presses it with the hand after each washing, and redis-

solves it in ammonia, whereby an easily filtering liquid is obtained,
which, after filtration, is precipitated with hydrochloric acid. This

precipitate is washed as above, and finally with alcohol.

Pectic acid prepared in the ordinary way (probably according to methods
2 and 3) contains albuminous substances which may be more easily pre-
cipitated by small quantities of basic acetate of lead, after prolonged
boiling of the solution supersaturated with ammonia (Fremy).

Mulder washes comminuted carrots, turnips or sweet apples with
water, boils the residue with very dilute potash, not in excess, and
precipitates with hydrochloric acid. After purifying the pectic acid

by boiling with alcohol, he finds that it has, both in the free state and
in combination with acids, the same composition as pectin, containing
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after deduction of 3 to G p. c. ash, from 44-5 to 45 p. c. carbon, and
5*25 to 5*36 hydrogen. The baryta-salt from sweet apples contains

20*07 p. c., that from turnips 24-01 p. c. BaO ; the lime-salt from car-

rots contains 9-72 p. c. CaO ; the lead-salt from carrots, 41-57 p. c.

PbO ; the cupric salt from carrots contains 18-47 per cent., that from

apples 26*28 p. c., that from turnips 17*07 p. c. CuO. This pectic acid

immersed in dry ammonia gas takes up 3*43 p. c. ammonia, which

escapes at 100. From these results Mulder regards pectic acid as

C 12H8 10
,
and as identical with pectin (see page 393).

Fromberg prepares his pectic acid from turnips, which he com-

minutes, washes with cold water, and boils with very dilute carbonate
of soda. After precipitation writh hydrochloric acid, washing, and dry-

ing at 100, it contains 7 p. c. ash containing carbonic acid
;
his

analyses he calculates, agreeing with Mulder, at 44*58 p. c. carbon,
5*17 hydrogen, and 50'25 oxygen. His lead-salt contains 49-81

p. C. PbO; his Copper-salt 16*01 p. C. CllO. On the decompositions
with alkalis, page 404. Both Mulder and Fromberg have overlooked the

influence which the large amount of ash must have on the proportion
of metal in the salts (Kr.).

Chodnew's Hyperpectic acid is obtained from turnip-pulp exhausted
with hydrochloric acid (sec Pectous acid, p. 396), by boiling with dilute

potash-ley (not with ammonia), and is precipitated as a jelly by hydro-
chloric acid. It contains at 100, after deduction of 0'52 p. c. ash,

41-46 p. c. carbon, 4*83 hydrogen, and 53*71 oxygen, and is distinguished
from pectic acid by dissolving in aqueous fixed alkalis, but not in

ammonia.

Properties. Pectic acid in the moist state, is a transparent, colour-

less jelly, which dries up to a white amorphous mass. Transparent,

horny mass, difficult to pulverise (Regnault). Resembles woody fibre

and is very friable (Chodnew). Has an acid taste and reaction

(Braconnot, Fremy).

Regnault. Chodnew. Fremy.
Calculation according to Fremy. at 140. at 120. at 120.

32 C 192 .... 42-29 42*69 42*22 41*40

22 H 22 .... 4-84 471 5*24 4*77

30 O 240 .... 52-87 52'60 52*54 53*83

C32H22Q30 454 MM 100-00 100*00 100*00 100*00

All the analyses are given as mean results. Regnault & Chodnew examined pectic

acid prepared from turnips ; Fremy analysed acid from various sources. Chodnew's

acid left p. c. ash. which is deducted. Respecting Mulder's and Fromberg's analyses,

see above. Regnault gave the formula CUH"O 10
, both for pectic acid dried at 140

and for that contained in the salts. Chodnew gives the formula C2SH20O26
,
which agrees

with the composition of many of the pectates, and requires 42*42 p. c. carbon, 5*06

hydrogen, and 52*52 oxygen.

Decompositions (seep. 397). 1. Pectic acid becomes coloured at 120

(Regnault); black at 150 (Chodnew), and at 200 gives off carbonic acid

and water, and is converted into parapectic acid, p. 410 (Fremy).
2. Melts when heated, swells up, lurns away and leaves a difficultly com-

bustible charcoal. (Regnault.) Burns without swelling up. (Chodnew.)
3. When pectic acid is boiled with water, parapectic acid is formed,

likewise when insoluble pectates are boiled with water. (Fremy.) When
2 D 2
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pcctic acid is left in contact with water for two or three months, it dis-

solves as metapectic acid, which is likewise produced when pectic acid is

boiled with water for 36 hours, or when moist pectic acid is dried by
heat. Not a trace of sugar is formed, even after boiling with water
for 7 or 8 days, and the solution does not reduce potassio-cupric tar-

trate unless it contains para- or metapectic acid. (Fremy.) See below.

When moist pectic acid is washed on a filter with boiling water, the

filtrate yields with neutral acetate of lead, a precipitate containing
30-5 p. c. PbO ; after boiling the residue left in the filter for two hours,
a lead-salt is obtained, containing 35 '5 p. c. PbO ; and after one hour's

boiling, a precipitate with 41 '9 p. c. PbO. The organic substance of

all these lead-salts exhibits the composition of pectic acid (or of the

isomeric para- or metapectic acid). (Fremy.)

4. Pectic acid is not altered by cold oil of vitriol, but is quickly
charred by that liquid when heated. (Braconnot, Regnault.) By
boiling- with dilute acids, it is converted into metapectic acid, which dis-

solves. (Fremy.)
It is not altered by hot very dilute hydrochloric acid. (Regnault.)
Pectic acid prepared from turnips does not dissolve till after very

long boiling with dilute acids (more quickly with concentrated acids),
and the solution does not contain metapectic acid ; that which is pre-

pared from pectin decomposes much more quickly. When the first-

mentioned pectic acid is boiled with dilute mineral acids, the liquid
soon acquires a faint red colour, reduces copper- and silver-salts, and if

sulphuric acid is used, gives off carbonic and formic acids, and, finally,

an odour of caramel. The solution, which remains colourless if

diluted at the right moment, leaves a black product when filtered, and
if evaporated after the sulphuric acid has been removed by carbonate
of baryta, it leaves a syrup from which alcohol precipitates a baryta-
salt soluble in water, leaving in solution a sugar (partly converted
into caramel), which is fermentable and capable of uniting with com-
mon salt. The baryta-salt, which is soluble in water, appears to

contain formic acid, and an acid similar to malic acid. (Chodnew.)
The jelly of pippins completely freed from sugar by alcohol, is con-
verted into sugar by 20 minutes' boiling with oxalic acid (Couverchel,

(Ann. Chim. Phys. 46, 181). According to Fremy, pectic acid is trans-

formed by acids in the same manner as by water, therefore without
formation of sugar.

5. With nitric acid, pectic acid yields oxalic acid (Vauquelin) and
mucic acid (Braconnot). Strong nitric acid eliminates carbonic acid,

and forms carbonic and mucic acids (Regnault). Chodnew obtained
mucic acid from pectin, but not from pectic acid.

6. When pectic acid is heated with the aqueous solution of caustic

alkalis or alkaline carbonates, metapectic acid is formed. (Fremy.)
Pectin and pectic acid prepared from it undergo these transforma-
tions much more readily than ordinary pectic acid. (Fremy, Chodnew.)
The liquid acquires a brown colour, but is not found to contain oxalic

acid. (Fremy.) When pectic acid (from turnips) has been boiled for

some time with potash-ley, the solution is not precipitated by acetic

acid ; but hydrochloric and nitric acids soon render it turbid, and at

last throw down flakes. From the solution neutralised with acetic

acid, alcohol throws down a jelly ; neutral acetate of lead, a precipitate
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which exhibits the composition of pectate of lead (27-08 p. e. carbon,
3'16 hydrogen, 33*94: oxygen, and 35'82 oxide of lead), and when

decomposed by hydrosulplmric acid, yields a black liquid, which can-

not be separated from the sulphide of lead, and when mixed with
alcohol solidifies to a jelly in a few hours. These precipitates are

likewise formed on adding alcohol and neutral acetate of lead to a
solution of pectic acid which has been boiled for three or four days
with a large excess of potash, whereas aqueous pectin, after once

boiling with potash-ley, is no longer precipitated by acids. (Chodnew.)
See the properties of Fremy's Metapectic acid, p. 411.

Fromberg's pectic acid (p. 403), after boiling for half an hour with

aqueous carbonate of soda, was no longer precipitated by acetic acid ;

but neutral acetate of lead produced a yellow-brown precipitate, which
at 140 contained 41-39 p. c. PbO, and after deduction of this, 44-8 p. c.

carbon, 5*33 hydrogen, and 49'87 oxygen. Another time the solution,
after an hour's boiling with carbonate of soda, or a quarter of an
hour's boiling with caustic soda, still yielded a precipitate with acetic

acid ; but after boiling for 7 to 20 hours with carbonate of soda, or

digestion for 24 hours with caustic soda, no precipitate was obtained.

The latter solutions, after neutralisation with acetic acid, were like-

wise precipitated by chloride of barium, chloride of calcium, sulphate
of copper, and neutral acetate of lead ;

and it was only after still

longer boiling with caustic soda, that a liquid was obtained, which
when neutralised with acetic acid, was not precipitated by any of the

above-mentioned reagents except acetate of lead. Hence the forma-

tion of metapcctic acid is preceded by that of an acid which is not

precipitated by acetic acid, but is thrown down from the neutral

solution by lime- or baryta-salts. (Fromberg.) In this case, parapectic
acid might be formed, or the non-occurrence of the precipitates might
be explained by the solubility of pectic acid in organic acids. (Kr.)

When moist pectic acid is heated with hydrate of potash, the

mixture soon becomes fluid and brown, but loses its colour as soon as

all the water is expelled, and then contains carbonate and oxalatc

of potash. (Vauquelin, Gay-Lussac.)

On the behaviour of pectic acid under the influence of ferments, according to Vau-

quelin, see page 358.

Combinations. Pectic acid separated from solutions, in which state it

appears as a colourless jelly having an agreeable taste (Vauquelin),
must be regarded as a hydrate. It is insoluble in cold, and nearly
insoluble in boiling water. The dry acid immersed in boiling water

softens and swells up slightly, but does not form a jelly. (Regnault.)
See above on the decomposition of pectic acid by boiling with water.

Older statements, perhaps relating topectosic or impure pectic acid. The solution of

pectic acid in boiling water deposits a jelly on cooling, provided it has not been altered

by continued boiling. (Vauquelin.) The anhydrous acid scarcely swells up in cold

water, and dissolves but sparingly in boiling water ;
the acid obtained as a jelly by pre-

cipitation from alkaline solutions, dissolves more abundantly in boiling water ; the

nitrate is almost clear, reddens litmus very slightly, and is converted by acids, neutral

salts, sugar, and alcohol, into a transparent and colourless jelly, probably because these

substances render the water incapable of holding the pectic acid in solution. Baryta-
and lime-water produce similar jellies by forming insoluble salts. (Braconnot, Payen.)
The hot aqueous solution does not redden litmus. (Guibourt. )

With Bases. Pectic acid unites with bases, forming salts, among
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which only 'those of the alkalis arc soluble in water, the rest being inso-

luble and gelatinous. The jellies precipitated from cold solutions are

denser than those obtained from hot solutions (Regnault). At a

moderate heat, the acid expels carbonic acid from alkaline carbonates.

It dissolves easily in aqueous alkalis, even after drying. The solution

is not precipitated by mercuric chloride, but with all other salts it

yields gelatinous precipitates, which dissolve in excess of alkali. It

is difficult to obtain the salts at a definite degree of saturation, because

the neutral salts formed at first take up an additional quantity of

pectic acid (Regnault, Fremy). When a soluble pectate is precipitated

by a metallic salt, the composition of the precipitate depends upon
that of the soluble salt, and varies with it (Regnault). The jellies

precipitated by metallic salts from pectate of ammonia and pectate of

lime, are transparent if the acid was pure. They obstinately retain

portions of the precipitant, which cannot be removed by washing on

the filter, but may be got rid of by pressing the jelly with the hand,

pouring fresh water upon it, and so on, whereby the salt acquires the

consistence of woody fibre, and becomes friable after drying (Chodnew).
The insoluble salts dry up to very hard, difficultly friable, horny, hy-
groscopic masses. They take fire when heated in contact with the

air, retain water obstinately, so that they cannot be dried below 140

or 150, and decompose at about 200 (Regnault).

Pectate of Ammonia. The solution of pectic acid in excess of

aqueous ammonia slowly turns sour on boiling, and when evaporated
in vacuo, leaves a transparent mass whose aqueous solution has a

slight acid reaction (Regnault). From the solution of pectic acid in

aqueous ammonia, alcohol precipitates a transparent, colourless jelly,

which, at 100, becomes red-brown and not friable, and dissolves in

water, forming an acid, coloured liquid (Chodnew). The acid ammo-
niacal salt which remains on evaporation, swells up in water and dis-

solves assimilating at the same time a considerable quantity of water
to a tasteless liquid which reddens litmus (Braconnot). Aqueous

pectate of ammonia yields gelatinous precipitates with chloride of

sodium, acetate of potash, and other neutral salts, also with alcohol

and sugar (Braconnot ; Simonin, J. Pharm^ 20, 478.)

Pectate of Potash. When pectic acid in excess is digested with

potash-ley, a large quantity of pectic acid is taken up, and a solution

formed which is neutral at first, but afterwards becomes slightly acid.

When a solution of pectic acid in excess of potash-ley is mixed with

alcohol, a basic jelly is precipitated, from which potash is extracted by
washing with alcohol (Regnault). The potash-salt obtained by pre-

cipitating pectic acid dissolved in excess of potash-ley with alcohol,
and washing out the jelly with alcohol, acquires, at 120, the character
of woody fibre, but does not become friable; between 150 arid 160
it gives off water, turns yellowish-brown., and then dissolves in water
to a clear liquid, which smells of caramel and reduces cupric oxide

(Chodnew). Potash, added in excess to a solution of the potash-
salt, throws down a jelly, which recovers its solubility in water after

the excess of potash has been removed, and, according to Braconnot,
is a basic salt.
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Chodnew.
Calculation

28 C
20 II
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Chodnew.

Calculation according to Chodnew. mean, at 120.

28 C 168 37-08 36'77
20 H 20 4-41 4-65

26 208 45-94 46-16

2 CaO 56 12-57 12-42

C28H20O2G,2CaO .... 452 lOO'OO lOO'OO

Compare Mulder's analyses, p. 403.

Pectate of Lead. When an aqueous solution of neutral acetate of

lead is poured into an aqueous solution of pectate of ammonia having
an alkaline reaction, a transparent jelly is formed, containing 48-74

p. c. oxide of lead (Regnault). The precipitate thrown down from
neutral pectate of ammonia b}^ neutral acetate of lead contains between
32*7 and 35 p. c. lead-oxide ;

from an ammoniacal solution of the

neutral acetate, soluble pectates throw down precipitates containing
as much as 60 p. c. PbO, and more in proportion as the solution is

more ammoniacal (Fremy). From cold pectic acid (pectate of ammonia?),
neutral acetate of lead, throws down neutral pectate of lead contain-

ing 36'06 p. C. lead-oxide (Chodnew's formula C28H20O26,2PbO requires 36-13

p. c. PbO); from the hot solution a basic salt is obtained in the form of

a jelly which easily separates into flocks, and when dry becomes yellow
and very friable (Chodnew). By boiling with water, it is converted
into parapectate of lead (Fremy).

Calculation according to Fremy. Fremy.
32 C 192 29-09 28-51
20 H 20 3-03 3-17
28 224 33-94 35'22
2 PbO 224 33-94 33'10

C32H20O28,2PbO .... 660 lOO'OO . .. 100-00

Calculation according to

28 C 168
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Chodnew.
Calculation according to Chodnew. at 120.

28 C 168 35-34 35'09

20 H 20 4-19 4-21

26 O 208 43-79 43'84

2 CuO 80 16-68 16'86

C28H2o
26,2CuO 476 100-00 lOO'OO

For Mulder's and Froinberg's results, see page 403.

The precipitate formed by sulphate of copper in ammoniacal pectate of ammonia,
continues to redissolve for a long time, till finally a blue ammoniacal jelly is precipitated,

probably a double salt. (Regnault.)

Pectate of Silver. Obtained by double decomposition of pec-
tate of ammonia with nitrate of silver, and contains an amount of

oxide of silver varying with the constitution of the pectate of

ammonia used. a. When nitrate of silver is poured into aqueous
pectate of ammonia which has been boiled as long as ammonia con-

tinues to escape, a precipitate is formed containing 38*38 p. c. AgO.
b. When aqueous pectate of ammonia is poured into nitrate of silver,

the precipitate contains 36*95 p. c. AgO. c. When pectate of ammonia
is prepared by evaporation in vacuo, and nitrate of silver is poured
into its aqueous solution, the precipitate contains 40*39 and 41*02

p. c. AgO. d. When nitrate of silver is poured into pectate of

ammonia containing excess of ammonia, the resulting precipitate con-

tinues for a long time to redissolve, and when it no longer disappears
on stirring, contains 38*48 and 36*68 p. c. AgO (Regnault).

Neutral pectate of silver is obtained by precipitating pectate of

ammonia with nitrate of silver ; but if the nitrate of silver has any
free acid adhering to it, the precipitated pectate of silver is mixed with

pectic acid and therefore exhibits a smaller amount of silver-oxide

(Chodnew).

Calculation according to Fremy.
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solution is produced from which alcohol throws down a jelly which
dissolves in boiling- water, and separates again on cooling-. This

jelly is a compound of pectic acid with an ammonia-salt
; it is

decomposed by prolonged boiling, or by repeated precipitation with
alcohol and re-solution in water, and is thereby rendered partially
insoluble in water. Such compounds are obtained by boiling carrot-pulp with

acids, provided the pulp has not been previously exhausted with acids, and may be
confounded with pectin (Frerny). Chodnew's pectous acid (p. 396 J, might therefore

belong to this place. (Kr.)

Pectic acid is insoluble in alcohol and in ether. In aqueous organic
acids it does not dissolve more freely than in pure water. (Braconnot,
Ann. Chim. Phys. 50, 382.)

Parapectic Acid.

C24H17 83
?

FREMY. N. Ann. Chim. Phys. 24, 34.

Resembles metapectic acid in being soluble in water, but is distinguished therefrom

by forming a precipitate with baryta-water. See page 398.

When pectic acid is boiled for some time with water, it dissolves as

parapectic acid. In like manner, pectates heated for several hours to

150 or boiled with water, are converted into parapectates.

Parapectic acid is uncrystallizable, destitute of optical rotatory

power, and has a strong acid reaction. When heated, it behaves like

pectin; when dissolved in water, it is quickly converted into metapectic
acid ;

when boiled with potassio-cupric tartrate, it precipitates cuprous
oxide ;

and it is not fermentable. It forms soluble salts with the

alkalis, and is precipitated therefrom by excess of baryta-water ; from
its aqueous solution it is precipated by alcohol. The potash-salt pre-

cipitated from its aqueous solution by alcohol and dried at 150, contains

23 p. c. potash (C
24H 15O21,2KO = 22-4 p. c. KO). The lead-salt is obtained

by boiling pectate of lead suspended in water for several hours, or by
precipitating aqueous parapectic acid with neutral acetate of lead.
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Metapectic Acid.

? C8H7 9 or C 16H14 18
.

FREMY. /. Pharm. 26, 382 ; Ann. Pharm. 35, 322 ; J. pr. Chem. 22, 1.

N.Ann. Chim. Phi/s. 21, 36; Ann. Pharm. 67, 288; J. pr. Chem.

45, 412. Compt. rend. 48, 202 ; N. J. Pharm. 35, 81 ; abstr. Rep.
Chim. pure, 1, 269. Compt. rend. 49, 561 ; Rep. Chim. pure, 1, 602 ;

Chem. Centr. 1860, 4. Kopp's Jahresber. 1859, 530 arid 540.

Adde cellulique. Occurs as a product of the transformation of

pectose, in all fluids of tlie vegetable organism which are in contact
with tissue containing pectose.

formation. All pectous substances may be converted either directly
into metapectic acid, or into products which yield this acid after

further treatment (pp. 397, 398.) When lime is allowed to act on man-

gold-wurzel pulp in the manufacture of sugar on the large scale,

metapectate of lime may be formed, which then accumulates in the
molasses.

Preparation. Chopped mangold-wurzel is washed with water ; the
residue is boiled for an hour with milk of lime and pressed ; and the

liquid is evaporated to a syrup and mixed with alcohol. Metapectate
of lime then falls to the bottom, and after it has been decomposed by
oxalate of ammonia, the filtered solution is mixed with excess of

neutral acetate of lead to precipitate colouring matter, phosphoric acid

and other substances ; and the filtrate is supersaturated with ammonia,
which throws down rnctapectate of lead. By decomposing this salt

under water with hydrosulphuric acid and evaporating the filtrate,

aqueous metapectic acid is obtained.

Properties. Amorphous, strongly acid mass, destitute of rotatory
power.

Decompositions. 1. When heated, it behaves like pectin (p. 396).
2. The aqueous solution quickly becomes covered with mould, and is

decomposed by prolonged boiling, with formation of acetic acid and
black ulmic acid. 3. It reduces polassio-cupric tartrate at the boiling
heat. 4. It reduces aqueous silver- and gold-salts.

Metapectic acid is deliquescent and dissolves readily in water.

The metapectates (excepting the basic salts) are all soluble in water.
The aqueous acid decomposes carbonates and neutralises strong bases.

Metapectate of Lead. Aqueous metapectic acid precipitates basic
acetate of lead, but not the neutral acetate. The aqueous solutions of

the alkaline metapectates added to neutral or basic acetate of lead in

excess (of the lead salt?) throw down soluble precipitates. The
precipitates thrown down from aqueous metapectic acid by basic
acetate of lead contain from 67'5 to 68'8 p. c. (C

8IP07
,2PbO = 67'2 p. c.

PbO) and 73-4 to 74-2 p. c. oxide of lead (C
8H5 7

,3PbO = 75*4 p. c.

PbO) ; after deduction of the lead-oxide, they contain, on the average
43*51 p. c. C., 4-58 II., and 51-91 0., corresponding to the formula
C8H5 7

, (calc. 44-08 p. C. C., 4'58 H., and 51'34 0). Fremy formerly
analysed lead-salts containing smaller quantities of lead-oxide (40*9 and 46'73 p. c.).



412 APPENDIX TO THE CARBO-HYDRATES.

Jelly from Yellow Pods.

v. ORTH. Wien. ATcad.Ber. 13, 512 ; J. pr. Chem. 64, 10.

L. MAYER. Wien. Akad. Ber. 20, 529 ; J. pr. Chem. 69, 215.

Occurs in the fruit of Gardenia grandiflora. The yellow pods,
after being exhausted with alcohol of 40, are boiled with water ; the

nitrate, after addition of hydrochloric acid, is precipitated with alcohol ;

and the solution in water acidulated with hydrochloric acid, and pre-

cipitation with alcohol, are repeated as long as the precipitate appears
coloured.

v. Orth.

Calculation according to v. Ortli. at 100.

32 C 192 42-10 42'04
24 H 24 5-26 5'36
30 240 52-64 52'60

C32H24 30 455 ]00 .

o 100-00

Mayer.
Calculation according to Mayer. mean.

64 C 384 41-07 40'90
47 H 47 5-03 5-33
63 504 53-90 53-77

CWH47O63
........ 935 ........ 100-00 ............ 100-00

After deduction of 1-8 and 0'79 p. c. ash. It may perhaps be isomeric or

identical with parapectin (p. 399). Kr.

When heated with hydrochloric acid, it behaves in the same manner
as jelly from Syringa.

Jelly from Syringa.

v. PAYR. Wien. Akad. Ber. 20, 527 ; J. pr. Chem. 69, 213.

Occurs in the fruit of Syringa vwZyam. The fruits separated from the
stalks are boiled for a few minutes with water, and the liquid, after being
strained, is precipitated with neutral acetate of lead. The dirty brown

precipitate, diffused in water after washing, dissolves partially on
addition of acetic acid. On decomposing the undissolved part under
water with hydrosulphuric acid, separating the sulphide of lead, con-

centrating the nitrate, decolorising with animal charcoal, adding hydro-
chloric acid and precipitating with alcohol, a transparent jelly is

obtained which may be decolorised by repeated solution in water con-

taining hydrochloric acid, and precipitation with alcohol.

v. Payr.
Calculation according to v. Payr. mean.

64 C ................ 384 ........ 41-47 ............ 41-4

46 H ................ 46 ........ 4-97 ............ 5-2

62 ................ 496 ........ 53-56 ............ f>3'4

........ 926 ........ loo-OO ............ 1000

After deduction at 2*8 p. c. ash. Isomeric with parapectin (p. S9 (

J).
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The aqueous solution heated to 100 for several hours with hydro-
chloric acid, deposits on cooling a white powder which at 100 contains

39-81 p. c. carbon, 5-24 hydrogen, and 54*95 oxygen, corresponding
therefore to the formula C^II^O66

(calc. 39'92 p. c. C., 5'20 H. and

54-88 0), and is formed by assumption of 4 at. water, (v. Payr.)

Sacc's Pectic Acid from Wood.

SACC. N. Ann. Chim. Phys. 25, 218; J. pr. Chem. 46, 430; abstr.

Pharm. Centr. 1849, 235 ; Chem. Gaz. 1849, 274.

PORTER. Ann. Pharm. 71, 115; abstr. Pharm. Centr. 1849, 777; Chem.

Gaz. 1849, 469.

The substance produced by boiling wood with nitric acid (from the

incrusting matter, p. 124, according to Sacc), consists, according to

Sacc, of pectic acid ; according to Porter, it is a different body.
Sacc boils deal-shavings for some hours with 2 pts. water and

10 pts. commercial nitric acid, whereupon reddish vapours are at first

abundantly evolved, and the wood is converted into a white doughy
mass. This he washes with water to remove all the acid, then collects

it on linen, and dries it over the water-bath. Porter further treats the

mass thus obtained with dilute aqueous ammonia, which leaves a por-
tion undissolved and precipitates the filtrate with hydrochloric
acid.

Light grey (Sacc), or reddish grey (Porter), easily friable mass.

Calculation according to Porter. Sacc. Porter.

16
12
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the alkaline solution. The last formed precipitates have the aspect of

pectates (Porter).

Glucosides or Conjugated Compounds of the Saccharo'ial Substances.

Chitin.

i2 = C6NH5 3
,C

12II10 10
?

ODIFR (1823). Mem. Soc. d'hist natur. de Paris, 1, 29; N. Tr.

8, 1, 233 ; Mag. Pharm. 5, 301 ; J. Pharm. 9, 379 ;
Berz. Jahresber.

4, 247.

LASSAIGNE. Compt. rend. 1G, 1087: J. Chim.nud. 19,379; J. pr. Chem.

29, 323 ; Berz. Jahresber. 24, 699.

PATEN. Compt. rend. 17, 227; Berz. Jahresber. 24, 700.

K. SCHMIDT. Ami. Pliarm. 54, 298.

SCHLOSSBERGER. Ann. Pharm. 98, 99 ; N. Jahrb. Pharm. 5, 297 ;

abstr. J.pr. Chem. G8, 162 ; Chem. Centr. 1856, 487.

BERTHELOT. Compt. rend. 47, 227 ;
J. pr. Chim. 76, 371 ; Chem. Centr.

1856, 676; Rep. Chim. pure 1, 69; in detail: N. Ann. Chim. Phys.

56, 149.

PELIGOT. Compt. rend. 47, 1034; N.Ann. Chim. Phys. 58,83; Rep.
Chim. pure, 1, 234 ; Chem. Centr. 1859, 709 ; Zeitschr. Pharm. 3, 241.

STADELER. Ann. Pharm. Ill, 21 ; Chem. Centr. 1859, 708.

Endomaderm (Lassaigne). Discovered and distinguished from horn -substance by
Odier, in 1821; recognised as a nitrogenous compound by Lassaigne; first more

completely investigated by K. Schmidt. Fremy's non-azotised chitin is essentially

distinguished from that of all other chemists by the absence of nitrogen. Peligot's

chitin appears (according to Stadeler) to have contained cellulose derived from remains

of leaves. Peligot regards chitin in general as a compound of cellulose with protein-
substances.

Occurrence. Chitin forms the chief constituent of the envelopes,
scales and hairs of articulated animals, also of the lining membranes of

the trachea and intestines (Handb. viii, Zoochem. 462). Many tissues

designated by histologists as chitin, agree with that substance only in

their behaviour with potash-ley and acetic acid, and have not been
shown to be identical with it. Thus the byssus of acephalae contains,
not chitin as supposed by Leuckart ( Wieqm. Arch. 1852, 25), but a sub-

stance richer in nitrogen (see Conchiolin) ; muscle-shells contain, not

chitin [contrary to the statement of Kuss (Dissertation iiber Stritctur und

Zusammensetzung der Muschelschalen, 1853)], but conchiolin (Schloss-

berger).

Preparation. The tissues intended for the preparation (carapaces
of the crab, wing-cases of the cockchafer, and similar material) are

deprived, by successive treatment with water, alcohol, dilute acids,

potash-ley and ether, of all matters soluble in these liquids, and the

residue is then washed and dried. If tissues are used likewise containing
tunicin or cellulose, or if entire animals having remains of leaves in their intestines, are

subjected to the same treatment, the chitin will be contaminated with these substances.

When chitin thus prepared is boiled for 12 hours or longer with a mix-
ture of 1 vol. oil of vitriol and 4 vol. water, part of it is converted into
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soluble products ; but the residue, which swells up to a pasty mass, is

perfectly pure chitin (free from ash) which may be washed by decan-

tation, so long as it contains free acid, but as soon as all the acid is

removed, remains partly suspended in the liquid, and can only be
recovered by evaporating the water (Stadeler).

If the skin of silk-worms be treated successively with potash -ley,

alcohol, ether, and acetic acid, the residual chitin contains 48*13 p. c. C.,

8-30 N., 6-90 H., and 36'67 0. ; after further treatment with perman-
ganate of potash, 47-38 p. c. C., 6-15 N., 7'02 H., and

39;45
0. When

silk-worms are boiled with strong potash-ley, which disintegrates or

dissolves their several organs as well as the remains of leaves in their

intestines, then with dilute sulphuric acid, and the skins, which
remain as translucent bags open at both ends, are washed, dried and
treated with sulphuric acid containing G at. water, they lose 44 p. c.

of their weight, but the residue still contains 5 '8 p. c. nitrogen. If

they are then treated for several hours with hot, or for some days with
cold concentrated aqueous permanganate of potash, then with

bisulphite
or potash, and finally with water, there remains a white, inter-

laced mass which does not give off ammonia when boiled with potash.
This mass, however, if made up into a paste with hydrate of potash
and water, and heated to 100 for eight days, dissolves with evolution

of ammonia, and forms a soap, from which, after filtration, acids separate

fatty acids ; but even after two-thirds of the whole has been decom-

posed, the rest of the chitin still contains 6*2 p. c. nitrogen, and con-

tinues to evolve ammonia. AVhen this chitin, after being softened in

water, is treated with oil of vitriol and iodine, it exhibits under the

microscope, numerous brown integuments and isolated irregular

particles which are coloured blue. The latter colouring becomes more

plainly visible, if the skin is left for some days in the iodine-solution

and then moistened with oil of vitriol, whereupon pieces of membrane
make their appearance, greenish at first, but changing to indigo-blue
as the iodine evaporates. From this chitin, aqueous cuprammonia
extracts cellulose which is precipitated from the solution by acids.

The horny substance of the lobster likewise exhibits the reaction of

cellulose (p. 137) with oil of vitriol and iodine. (Peligot.) This chitin

is rightly regarded by Stadeler as impure ; from pure chitin he was
unable to extract anything by cuprammonia.

Fremy's Chitin. When the skeletons of Crustacea are treated with
cold dilute hydrochloric acid, the undissolved residue is boiled for several

hours with potash-ley and again washed witli water, alcohol and ether,
a transparent horny substance is obtained, containing- on the average
43'35 p. c. C., G-C5 H., and 50-00 0., but no nitrogen, and therefore

isomeric with cellulose (C
12II 10 10

).
This substance is not altered by

dilute acids or alkalis, and not converted either into sugar by the former,
or into pyroxylin by fuming nitric acid, which indeed has no action

on it whatever. By concentrated acids, it is disintegrated, dissolved,
and converted into an acid comparable with mctapectic acid (p. 411);
by boiling nitric acid it is converted into oxalic acid (Fremy, N. Ann.
Chim. Phys. 43, 93).

Properties. White amorphous mass, which, when examined with
the microscope, often exhibits the structure of the tissues from which
it has been prepared. Chitin which has been boiled for a long time
with dilute sulphuric acid, and separated by evaporating the water in
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which it was suspended, forms hard, transparent or translucent,
coherent films, which are extremely difficult to comminute (Stadeler).

Schmidt. Lehmann. Stadeler.

18 C
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position, p. 342). 4. Chitin dissolves in concentrated hydrochloric add
without change of colour. (Schmidt.) The skins of insects when
immersed in hydrochloric acid containing 6 at. water, become trans-

parent, are disintegrated, and, after a few minutes, dissolved. After
neutralisation of the solution by alkalis, tannic acid throws down a
precipitate containing nitrogen. (Payen.) Chitin maybe bleached
by chloride ofpotash or of soda. (Lassaigne.) A cold, saturated aqueous
soluticon of chloride of lime quickly destroys the^skins of insects (Payen).

5. Chitin is coloured orange-yellow by solution of iodine (dark
brown-red by iodine-water : Stddeler) ; addition of oil of vitriol

occasions disintegration, but neither violet nor blue coloration. (Payen.
See the statements of Peligot, p. 415, and those of Rouget, below.) 6. Chitin

is not coloured by nitric acid, but quickly dissolved. (Odier,
Lassaigne.) It dissolves in concentrated nitric acid without change of
colour (Schmidt), in an equal quantity of cold nitric acid with 4 at.

water. (Payen.) Crabs' claws immersed in nitric acid, become
transparent after a few moments ; if the acid is drained off, the mem-
brane retains at first its original form, but afterwards deliquesces to a
colourless liquid, beginning at the edges. (Payen.) 7. Chitin is not
altered by ebullition withpotash-ley (Odier), or when heated with a solu-
tion of 1 pt. potash-hydrate in 3 pts. water. (Lassaigne.) It remains

unchanged when heated for days with very concentrated solution of

potash, and when heated with potash-ley to 210 in a sealed tube, it

behaves as when it is heated with water. (Schmidt.) When fused
with solid hydrate of potash, it evolves ammonia without charring,
leaving a residue which is soluble in water. (Payen.) The mem-
braneous tissue of the articulata, either in its original condition or when
the incrustations have been dissolved by hydrochloric acid, gives the
rose-red coloration, characteristic of the nitrogenous tissues, when
treated with mercuric nitrate, and the orange-red coloration with
nitric acid and ammonia, but with iodo-chloride of zinc (p. 140) it is

coloured uniformly violet. After ebullition with potash-ley of 40,
whereby it remains unaltered as to external appearance and as to its

appearance under the microscope, it more quickly assumes an
intenser bluish violet colour when treated with iodo-chloride of zinc ; it

still, however, remains unattackable by concentrated potash-ley, acetic
or tartaric acid. If chitin is boiled for half an hour with 5 times its

weight of potash-hydrate and such a quantity of water that the mix-
ture would immediately solidify if allowed to cool, a large quantity of
ammonia is liberated, and half the chitin is dissolved. The residue

appears unchanged when examined under the microscope ; it is trans-

parent, gelatinous and easily comminuted when moist ; in the dry
state, it is dull-white, very light, and micaceous. With tincture of

iodine, or with iodine and dilute acetic acid, this residue becomes violet

throughout ; iodo-chloride of zinc colours it pure blue. It dissolves
almost instantly in acetic acid, tartaric acid, or in warm water con-

taining 0-5 p. c. hydrochloric or nitric acid, and is precipitated from
these solutions by alcohol or by aqueous alkalis as a semi-transparent
paste, which dries up to a yellowish, translucent gum. The acid solu-
tion and the precipitate are coloured reddish violet by a few drops of

biniodide of potassium. This substance, Rouget's modified chitin, dis-

solves in oil of vitriol with yellow or brown colour; and is precipitated
by water, from the freshly prepared solution, as a white powder. The

VOL. xv. 2 E
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solution is less completely precipitated by water after having been left

to itself for 12 or 24 hours, and is then found to contain sugar. This

modified chitin remains soluble in acids after being precipitated by
alcohol or by alkalis, and still contains nitrogen. (Rouget, Compt. rend.

48, 793. See also Peligot's statements, p. 415.)

Chitin is insoluble in water, aqueous ammonia, acetic acid, and alcohol.

Aqueous cuprammonia does not attack it in the smallest degree.

(Stadeler.)

Myronic Acid.

= C 8NH5S2
,S

2H2 8
,C

12H12 12
.

LuDwia & LANGE. Zeitschr. Ch. Pharm. 3, 430 and 577.

Myrom'dure. See x, 53, also p. 346 of this volume. Recognised as a gluco-
side by Ludwig & Lange, its very existence having been previously
called in question by Thielau (Pharm. Viertelj. 7, 161) and others.

Scarcely known except in the form of potash-salt.

Preparation of Myronate oj Potash. Vol. x, p. 53. One pound of

black mustard yields from 1 to 3*5 grms. of crystals.

Properties of the

cooling, bitter taste.

Potash-salt. Colourless needles, possessing
Neutral. Scarcely loses weight at 100.

a. Calculation according to Ludwig & Lange.
20 C
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garlic. 3. Myronato of potash, boiled with dilute sulphuric acid,

yields a liquid which does not ferment after neutralisation of the

acid, but reduces cuprous oxide from alkaline cupric solutions.
4. Decomposed by aqueous ammonni, with formation of sulphuric acid.

5. Becomes yellow when boiled with potash-ley, evolves ammonia,
and, after addition of hydrochloric acid, gives off hydrosulphuric
acid, while a sugar which reduces alkaline cupric solutions, remains
dissolved. 6. A solution, mixed with baryta-water becomes turbid on
boiling, from separation of sulphate of baryta, and evolves ammonia ;

after addition of hydrochloric acid, it evolves hydrosulphuric
and carbonic acids. Lime-water acts like baryta-water. 7. With
protochloride of tin, it forms hydrosulphuric acid and protosulphide of
tin. 8. Throws down white precipitates from neutral and from basic

acetate of lead, on boiling. 9. Its aqueous solution is coloured brown-
red when boiled with ferric chloride, and, on addition of nitric acid and
chloride of barium, deposits sulphate of baryta and loses its colour.

10. Reduces mercurous nitrate to the metallic state on standing, and
mercuric chloride to calomel when heated. 11. The solution mixed with

aqueous nitrate of silver remains clear at first, but after a few minutes,
yields a white precipitate, which dissolves when heated, the smell of
oil of mustard being then evolved, and sulphide of silver deposited.
12. It renders the colour of bicMoride of platinum darker on boiling, and

separates brown flocks from terchloride of gold. 13. In contact with
water and myrosin (x. 54), at the common temperature, it splits up,
without evolution of gas, forming oil of mustard and sugar: thus,

according to Ludwig & Lange :

C20NH 19S4O18,KO = C8NH5S2 + KO.2SO2 + C'-H^O14
.

The liquid which remains, after distilling off the oil'of mustard, is acid,
has a milky turbidity caused by separated sulphur, and contains of

the sulphur of the myronate of potash as sulphate of potash. With
yeast it evolves a quantity of carbonic acid corresponding to as much
glucose as would amount to 20*45 p. c. of the myronate of potash ;

but, after ebullition with dilute sulphuric acid, it evolves more, so that

altogether glucose amounting to 45 p. c. of the salt is indicated. In
a second experiment, less energetic myrosin formed only 18 '9 p. c.

glucose ;
in a third experiment, hardly any. 14. Beer-yeast does not

cause myronate of potash to ferment. (Ludwig & Lange.)

Arbutin.

_ C 12H6 4
,C

18H10 10
.

KAWALIER. Wien. Akad. Ber. 9, 291 ; J. pr. Chem. 58, 193 ; Ann.

Pharm. 84, 356; Pharm. Centr. 1852, 761; Chem. Gaz. 1853, 61.

Announcement of the results, Ann. Pharm. 82, 241.

AD. STRECKER. Munch. Akad. Ber. Nr. 69 ; Ann. Pharm. 107, 228 ;

N. Ann. Chim. Phys. 54, 314; Rep. Chim. pure, 1, W.
Pharm. 118, 292 ; Rep. Chim. pure, 4, 77.

Occurrence. In the leaves of Arctostaphylos Uva Urst.

2 E 2
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Preparation. The extract of the leaves is precipitated with basic

acetate of lead, and the filtrate, freed from lead by sulphuretted
hydrogen, is evaporated to crystallisation. The crystals are purified

by recrystallisation with help of animal charcoal. (Strecker). Kawa-
lier precipitates the extract with sugar of lead, boils down the filtrate

in a retort, removes any lead-salt which has separated, and passes
hydrosulphuric acid into the liquid. The solution filtered from the

sulphide of lead is evaporated to a syrup, and the arbutin, which

crystallises out after several days, is purified by pressure and recrys-
tallisation with animal charcoal.

Properties. See hydrated arbutin. Hydrated arbutin loses water at

100 (1 at. : Streclcer), without becoming opaque, and is converted
into anhydrous arbutin. Tastes bitter. Melts at a high temperature
(at 170 : Strecker) to a clear, colourless liquid, which solidifies on

cooling, to an amorphous cracked mass. (Kawalier.) Neutral.

Kawalier. Strecker.

at 100, orfused. mean. mean.

24 C 144 .... 52-94 .... 52-46 52-8

16 H 16 .... 5-88 .... 6-11 5'9

14 O 112 .... 41-18 .... 41-43 41'3

C24H16O 14
.... 272 .... 100-00 .... lOO'OO lOO'O

Kawalier formerly gave the formula C32H22 19
.

Decompositions. 1. In contact with emulsin at the common tem-

perature, it splits up after several days into hydrokinone (Kawalier's
arctuvin) and glucose. (Kawalier.)

C24H16O14 + 2HO = C12H6O4 + C12H12O12
. (Strecker.)

Ebullition with dilute sulphuric acid has the same effect. (Strecker.)
The hydrokinone may be extracted by ether from the mixture left on

evaporation (Kawalier), or from the solution after ebullition with
dilute sulphuric acid. (Strecker.) 2. Easily converted into kinone and
formic acid by peroxide of manganese and sulphuric acid. (Strecker.)
3. Becomes yellow or red when chlorine is passed into its aqueous
solution, and deposits shining yellow crystals of chlorokinone, bichloro-

kinone, and perhaps products still richer in chlorine. Bromine forms

partly liquid, oily bromokinone, partly crystallised bromarbutin.

(Strecker.) 4. Dissolves easily in concentrated nitric acid, forming a

yellow solution which does not deposit crystals when evaporated, but

yields a precipitate of binitrohydrokinone when mixed with alcohol.

(Strecker.)

Combinations. With Water. A. Hydrated Arbutin. Long, colour-

less bunches of needles of a silky lustre, which lose their water
at 100.

24 C ....
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B. Aqueous Arbutin. Arbutin dissolves very easily in boiling
water ; less easily in cold water. (Strecker.)

Arbutin is not precipitated by metallic salts ; at least not by basic

or neutral acetate of lead, or by ferric salts. (Kawalier.) When mixed
with cupric sulphate and excess of potash-hydrate, it forms a deep-
blue solution, from which no cuprous oxide is precipitated on boiling.

(Strecker.)
Arbutin is soluble in alcohol and in ether. (Kawalier.) Scarcely

soluble in ether. (Strecker.)

Appendix to Arbutin.

1. Binitro-arbutin.

C24N2HU 22 = C 24HUX2 14
.

AD. STRECKER. Ann. Pharm. 118, 292 ; Rep. Chim. pure, 4, 77.

Arbutin is dissolved in concentrated nitric acid, and the solution is

mixed with several times its bulk of alcohol. When the mixture is

left to itself, needles separate out, their quantity increasing as the

liquid evaporates, so that at last the mother-liquor dries up to a dark-

yellow amorphous mass, from which binitro-arbutin can still be obtained

by neutralisation with carbonate of baryta, and extraction with boiling
alcohol.

Bright yellow, thin needles, which melt when heated and solidify
in the crystalline form. Loses 9*35 p. c. water at 100 (calcul. : 4 at
= 9-0 p. c.)

24 C
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Brittle, black resin, easily reduced to a dark-brown powder, which
melts when heated, and burns with a smoky flame.

80 C
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263. Lepage, J. Chim. med. 24, 365 ; abstr. N. J. Pharm. 15, 40).
Pruinixni'iMm. Cherry-stones contain amorphous amygdalin in quantity
sufficient to yield as much prussic acid as corresponds to 2'1 p.c. crystal-
lised amygdalin (Geiseler, Repert. 69, 289. Winckler). The green
l>arts of the cherry-tree do not yield a distillate containing prussic acid

(Wicke, Ann. Pharm. 79, 82). Primus domestica. Plum-stones contain

crystallised amygdalin, together with a peculiar bitter substance

(Winckler, Repert. 66, 327). The distillate from the very young shoots

contains prussic acid; that from the older shoots contains none. (Wicke.)
A distillate containing prussic acid is obtained from the leaves of

Prunus capricida, the bark of Pr. virginiana, the flowers (Zeller), and
the kernels of Pr. Spinosa (Enz, Pharm. Viertelj. 6, 179), but not from

the buds, leaves, root or bark of Prunus Mahaleb (Wicke, Ann. Pharm.

79, 82 and 81, 241). Prunus Padus. From the fruit-kernels, Heumann

(Repert. 75, 221 and 360) obtained 1^ per cent. ; from the flowers,

leaves and bark, Riegel (Jahrb. pr. Pharm. 4, 342) obtained from f to

1 p. c. of crystallised amygdalin ; the plant also contains amorphous
amygdalin (Riegel ; Winckler, Jahrb. pr. Pharm. 4, 345 ; Heumann,
Simon, Widtmann, Denk). The distillate from the bark and leaves is

richer in prussic acid in December than in the earlier part of the year

(Wicke, Ann. Pharm. 81, 241).
The following Pomece (Handb. viii, Phytochem. 16), Cratcegus

oxyacantlia, Cotoneaster vulgaris, Amelanchier vulgaris (not Pyrus Malm),
Sorbus Aucuparia, S. hybrida and S. torminalis yield a distillate contain-

ing prussic acid. The amygdalin accumulates in the buds and bark of

these plants during the autumn and diminishes during the period of

growth. (Wicke, Ann. Pharm. 79, 79, and 81, 249). The leaves of

shrubby spiraeas (Handb. viii, Phytochem. 15), Spiraea Aruncus,
S. sorbifolia and S. japonica yield prussic acid, whereas the distillate of

herbaceous spiroeas contain either salicylous acid or neither of these

acids (Wicke, Ann. Pharm. 83, 175 ; compare xiv, 235, and Handb. viii,

Phytochem. 15).

Preparation. 1. The paste of bitter almonds freed from fixed oil by
strong pressure is twice boiled with alcohol of 94 or 95 p. c., and the

residue is strained and pressed. The oil which still separates on stand-

ing is removed, and the liquid after filtration is set aside, a small por-
tion of the amygdalin then crystallising out. The remaining liquid is

distilled till only a sixth portion of it remains ; the residue is mixed
with half its volume of ether which precipitates the amygdalin ; the

crystalline pulp is collected on a filter, pressed between bibulous paper
renewed till it no longer takes up any fixed oil, then shaken up, and
the amygdalin washed with ether, till this liquid evaporated on the

water-bath no longer leaves a film of oil ; and finally recrystallised from

boiling alcohol (Liebig & Wohler).
Bitter almonds thus treated yield 2J p. c. amygdalin. Weaker

spirit likewise extracts sugar and other substances from the almonds,

decomposes the amygdalin, and renders the purification difficult ; if no
ether is used, part of the amygdalin remains in the mother-liquor after

the alcohol is evaporated. It is not necessary to distil off more than

half the alcohol, as ether will then precipitate nearly all the amygdaliii
from the residue after a few days. (Liebig & Wohler, Ann. Pharm.

23, 329 ; Compare the similar process of Robiquet & Boutron j also that of

Trommsdorff, Ann. Pharm. 27, 224).
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2. The paste from 6 pounds of bitter almonds is boiled for an hour
with 12 pts. alcohol, strained through sack-cloth and pressed, and the
residue is boiled with 9 pounds of alcohol, and pressed again. The
extracts when cold, are freed as much as possible from fixed oil by
decantation and filtration, then from alcohol by distillation, and strained;
the greater part of the fixed oil which still remains, is then left on the
cloth in the form of a frothy mass. The crystalline pulp thus obtained
in the course of 24 hours is triturated and washed with cold alcohol,

pressed between linen, and crystallised from 2 pounds of boiling alcohol.

By this process, large bitter almonds yield about 3 per cent., the
smaller kind, 2'2 p. c. amygdalin. (Bette, Ann. Pharm. 31, 211.)
Winckler (Repert. 65, 1), and Hanle (Repert. 67, 38, 3 ; Jahrb. pr. Pharm.
2, 163) proceed in a similar manner. 3. Bitter-almond paste is boiled

with alcohol, the tinctures completely freed from alcohol by distilla-

tion, and the syrup, after dilution with water, is mixed with yeast.
When the fermentation is ended, the liquid is evaporated to a syrup,
and mixed with alcohol, which throws down nearly all the amygdalin
as a white crystalline powder, which may be pressed and purified by
recrystallisation. The syrup obtained by evaporating the fermented

liquid might also be boiled with alcohol and filtered hot. (Liebig &
Wohler, Ann. Pharm. 24, 45).

The amygdalin remaining in the mother-liquors may be utilised by
decomposing it with almond-milk, and distilling off the bitter-almond
water. (Hanle.)

Amorphous Amygdalin. Chopped laurel-leaves are digested and
boiled with alcohol, and the mass is strained, pressed, and freed from
alcohol by distillation. The residue is freed from chlorophyll by ether,
and from tannin by precipitating the solution with nitrate of lead ; the

lead is removed from the filtrate by sulphate of soda ; the liquid is then

evaporated, and the residue boiled with absolute alcohol. The extract

when evaporated leaves an amorphous, yellow, tough resin, which when
redissolved in absolute alcohol leaves a small quantity of sulphate of

soda, and may be partially decolorised by animal charcoal. The dark

yellow, transparent residue dissolves readily in water and alcohol, not
in ether ; it tastes like salicin and yields with almond-milk the same

products as amygdalin (Winckler, Repert. 65, 1). Simon agitates the
tincture of dried laurel-leaves with litharge, and evaporates the wine-

yellow filtrate, which is free from lead. The light brown extract can-

not be made to crystallise, but it exhibits with almond-milk and baryta-
water, the same reactions as amygdalin. (Ann. Pharm. 31, 263.)

Properties. Crystallised amygdalin (see below) contains water, from
which it may be freed by continued heating to 120 (Liebig & Wohler).
It melts at 200, and solidifies to an amorphous mass, which, if again
heated, melts between 125 and 130. (Wohler, Ann. Pharm,. 41,

155). Inodorous, tastes sweet at first, afterwards bitter. (Robiquet
& Boutron.) Neutral. Lsevo-rotatory (see p. 428.). Does not act as a

poison taken internally. Only in two instances, Wohler & Frenchs

saw dogs fall ill after taking large quantities of amygdalin ; in these

cases, they [as well as Widtmann (Repert. 45, 429) and Denk (Repert. 45,

434)], observed an odour of prussic acid in the breath, which odour
was likewise emitted by the urine after addition of almond-milk.

(Wohler & Frerichs, Ann. Pharm. 65, 337 ; Chem. Gaz. 148, 229.)
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(xii, 57), the last of which may be dissolved out by ether. If the

liquid is evaporated at a temperature above 100, part of the mandelic
acid becomes amorphous (Wohler, Ann. Pharm. 66, 239). Alcoholic

hydrochloric acid appears to form amygdalate of ethyl (p. 430). By
boiling with dilute hydrochloric acid, amygdalin is easily converted,
without colouring, into bitter-almond oil, sugar, prussic acid and formic

acid (Ludwig, N. Br. Arch. 82, 138; 87, 273). 10. By boiling with

potash-ley, it is decomposed, with evolution of ammonia. (Robiquet &
Boutron, Widtmann.) Amygdalic acid is formed as a second product
(Wohler & Liebig) :

C40NH2'O22 + 2HO = C^H^O24 + NH3
.

100 pts. amygdalin yield 103'57 pts. amygdalate of baryta (Wohler & Liebig).

Amygdalin, by conversion into amygdalic acid, acquires an increase of rotatory power.

(Bouchardat, Compt. rend. 19, 1174). A similar result is produced by
boiling with baryta-water; but when amygdalin is triturated wTith

anhydrous baryta and gently warmed, a violent reaction takes place, by
which ammonia is evolved, together with a white vapour which con-

denses to a colourless oil, and the brown residue contains carbonate of

baryta. (Wohler & Liebig.)

11. In contact with the emulsin of almonds (or with almond-milk)

aqueous amygdalin is decomposed, with formation of bitter-almond

oil, prussic acid and sugar (Wohler & Liebig).

4HO = C2NH + C14H6O2 + 2C12H 12O12
.

On the sugar thus produced see page 341 .

When bitter almonds are freed from fixed oil by ether, the residue

dissolves almost completely in water, to a faintly opalescent liquid
from which alcohol throws down the emulsin in flocks. These flocks

dissolve in water even after drying, and the solution becomes turbid

between 60 and 70, and solidifies at 100 to a stiff paste no longer
soluble in water. Emulsin which has been dried is still capable of

decomposing amygdalin, but that which has been coagulated by heat

no longer possesses this power. When bitter almonds are completely
freed from amygdalin by exhaustion with cold alcohol, the residue,
mixed with water, still acts on amygdalin (Wohler & Liebig), but the

residue left after exhausting the almonds with alcohol does not exert

this action. Nevertheless the residue obtained by exhausting the

almonds with hot alcohol still yields, when treated with water, a solu-

ble emulsin, which is coagulated by heat, and precipitated by tannic

acid, but no longer acts on amygdalin (Robiquet & Boutron).
The aqueous solution of almonds exhaustedwith ether becomes some-

what more opalescent on addition of amygdalin, but does not deposit any
bitter-almond oil on cooling, whatever may be the quantity of amygdalin
or emulsin contained in it, because the decomposition of the amygdalin
goes on only so long as sufficient water is present to dissolve all the pro-
ducts of decomposition. The mixture coagulates when distilled and gives
off considerable quantities of bitter-almond oil, more if the action has been
continued for 6 or 8 hours, than if the mixture is heated immediately.
1 pt. of emulsin is capable of decomposing about 10 times its weight
of amygdalin in 8 days, provided a sufficient quantity of water is pre-
sent (Wohler & Liebig. Liebig, Chemische Briefe, 172). When sweet
almonds are triturated with a small quantity of water and a quantity



AMYGDALIN. - 427

of sugar too large to dissolve completely, the odour of bitter-almond

oil is not evolved on adding pulverised amygdalin, but powerfully on

subsequent addition of cold water.

Besides bitter-almond oil, sugar, and prussic acid, other products
are formed, probably by decomposition of those first produced.
Wb'hler & Liebig gave the equation,

"

2C4 NII="O22 = 4C 14H6O2 + 2C2NH + C12H 12O12 + C2H2 4 + 8HO.

but they found more sugar than it requires (Handworterluch, 2 Aufl.

1, 766) : the formula of decomposition given above (p. 426) is therefore

to be preferred. If the sugar thus formed be decomposed by fermenta-

tion, the residue becomes acid in consequence of the presence of a non-
volatile acid (succiuic acid ? Kr. see page 275). If the solution is some-
what concentrated, alcohol throws down thick white flocks of gum,
perhaps produced by alteration of emulsin (Wohler & Liebig). When
amygdalin is gently warmed with emulsin and water, ammonia is given
off. On agitating the mixture with oxide of silver, the previously acid

liquid becomes alkaline, and gives off ammonia when placed in a
vacuum. Since cyanide of silver is also produced, 2 at. of amygdalin
must be engaged in the reaction. (Deschamp, J. Pharm. 25, 22 ;

N. Ann. Chim. Plnjs. 12, 383.)
The action of the emulsin is prevented by the addition of 1 pt.

hydrate of soda or oil of vitriol to 100 pts. of the amygdalin, and
retarded by an equal addition of lime, magnesia, ammonia, or carbonate
of ammonia, hydrochloric acid or oxalic acid ; whereas bicarbonate of

soda, most other acids and salts, alkaloids and volatile oils (especially
oil of mustard, arsenic acid, prussic acid, sulphate of copper, and

cyanide of silver) do not exert any retarding action. (Bouchardat,
Compt. rend. 20, 110.)

It is only the emulsin of almonds that is capable of decomposing
amygdalin, not the albumin of other plants. (Wohler & Liebig,

Robiquet & Boutron.) If 1 pt. of the seed of bitter or sweet

almonds, poppy, hemp, black mustard, or white mustard, be triturated

to a milk with 8 pts. wr

ater, the liquid precipitated with alcohol, and
the precipitate washed with ether and alcohol, emulsin is obtained,

capable of decomposing amygydalin, but in various degrees, and in

different times. The strongest action is produced by the emulsin of

bitter almonds. (E. Simon, Pogy. 43, 404.) Active emulsin may also

be obtained from the leaves of the cherry-laurel and the bark of

Prunus Padus. (Simon, Ann. Pharm. 31, 263.)
A mixture of sweet-almond milk and amygdalin is recommended

by Wohler & Liebig, instead of bitter-almond water, as a pharmaceu-
tical preparation containing a definite proportion of prussic acid.

{Ann. Pharm. 22, 24, and 23, 329.) Such a mixture is less likely to

spoil than almond-milk alone. (Hanle, Repert. 67, 387.)

1 1 . Amygdalin is decomposed by a certain substance in the yolk of
egg, in the same manner as by emulsin (Barreswil, N. J. -Pharm.

17, 118). Diastase, which has not been heated, forms bitter-almond
oil from amygdalin in a few days ; a mixture of yeast, sugar-water
and amygdalin, kept for some months, emits a strong odour of prussic
acid. (Robiquet & Boutron.) Amygdalin is not decomposed by yeast
(Schlossberger, Ann. Pltarm. 51, 211), but in contact with yeast,
bicarbonate of soda, and a large quantity of water at 17, it emits the
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odour of bitter-almond oil, and is completely decomposed, with forma-
tion of formic acid, ammonia, and crystals soluble in alcohol and
ether. (Ranke, J. pr. Chem. 56, 16.)

Amygdalin is not decomposed by calf's rennet (Wohler & Liebig),
by the secretion of the pancreas (0. Schmidt, Ann. Pharm. 92, 35), or

by saliva (provided it does not not act as a poison). Ranke (J. pr.
Chem. 56, 16) after injecting 5 grammes of amygdalin, together with
milk, into the stomach of a rabbit, found that the acid urine contained
formic acid.

Combinations. With Water. Amygdalin, when dry, greedily ab-
sorbs from 2 to 3J p. c. water. (Wohler & Liebig.)

A. Quadro-hydrated Amygdalin. Amygdalin crystallised by drying
over oil of vitriol, or by separation from alcohol of 80 p. c., contains
4 at. water. Colourless nacreous scales. (Wohler & Liebig.)

B. Sex-hydrated (crystallised) Amygdalin. Separates from the aqueous
solution in transparent prisms, which, when left over oil of vitriol,

give off 3-52 p. c. water (2 at. HO = 3 -52 p. c.), and become less

transparent; at 120, they give off 10'57 p. c. water (6 at. = 10*56

p. c.), being thereby converted into anhydrous amygdalin. (Wohler &
Liebig.) Colourless right prismatic crystals having the character of

Figure 55. u: u =127 0'; u : I = 113 39'; i : I = 96 13'. A
second horizontal prism (corresponding to u of figure 53), as well two
octahedrons could not be measured on account of the strong curvature
of their faces. Cleavage very perfect parallel to

, but imperfect in

the direction perpendicular thereto (parallel to
, Fig. 53). Lustre

vitreous, pearly on i. The crystals, which are 10 mms. long, are united

into bundles by the faces i (Keferstein, Pogg. 99, 293). Lsevo-rota-

tory : for amygdalin (? quadro-hydrated), dried at 45 over lime,

[a] r = _ 35-51. (Bouchardat, Compt. rend. 19, 1174.)

Over oil of Vitriol. O. Schmidt.

40 C 240 .... 46-96 46'69
N 14 .... 274 2-57

33 H 33 .... 6-46 6*65

28 O 224 .... 43-84 44'09

C40NH27O22 + 6aq 511 .... lOO'OO 100-00

Amygdalin is easily soluble in water. The solution does not pre-

cipitate any metallic salt.

It is nearly insoluble in cold alcohol, but dissolves very easily in

boiling alcohol ; the solution in alcohol of 94 to 95 p. c. still retains

_i_ in solution after cooling.

Amygdalin crystallised from absolute alcohol appears to hold

alcohol in combination, which is not easily removed by heating-.

(Wohler & Liebig.) Anhydrous and quadro-hydrated amygdalin dis-

solve but sparingly even in hot alcohol ; but the solution obtained by
dissolving sex-hydrated amygdalin in absolute alcohol may be evapo-
rated to a syrup without yielding crystals, which, in fact, do not form

till it has been left for some days in a warm place. (Winckler, Repert.

65, 5.)

Amygdalin is insoluble in ether.
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Amygdalic Acid.

WOHLER & LIEBIG. Ann. Pharm. 22, 11.

Formation, p. 426.

Amygdalin is dissolved in baryta-water, the solution is boiled for

a quarter of an hour, or as long as it continues to evolve ammonia ;

carbonic acid is then passed through the hot liquid, and the carbonate
of baryta is separated by nitration. From the resulting aqueous
solution of amygdalate of baryta, aqueous amygdalic acid is obtained, by
carefully precipitating with dilute sulphuric acid, and removing the

sulphate of baryta, as a slightly acid liquid, which dries up to a gum
when evaporated over the water-bath. The concentrated aqueous
solution left for some time in a warm place, yields traces of crystals

(Wohler & Liebig). Lsevo-rotatory ;
for the acid dried at 60 for

several days [a\r = 40-19. (Bouchardat, Compt. rend. 19, 1174.)
It is not altered by boiling with peroxide of manganese ; but on sub-

sequent addition of dilute sulphuric acid, it gives off carbonic acid,
formic acid, and bitter-almond oil. When amygdalate of baryta is

precipitated with sulphate of silver, sulphate of baryta is precipitated

having a brown colour, which becomes darker on heating, from separa-
tion of metallic silver. At the same time an odour like that of formic

acid, becomes apparent.

Amygdalic acid deliquesces in moist ah', and dissolves to a syrup in

a small quantity of water.

The amygdalates are gummy and uncrystallisable. (Wohler &
Liebig.) The rotatory power of the acid is not altered by neutrali-

sation with baryta or ammonia. (Bouchardat.)

Amygdalate of Baryta. Preparation see above. Remains, when its

aqueous solution is evaporated, in the form of a gum, which gives off

water at 140, becomes white and like porcelain at a higher tempera-
ture, which may be raised as high as 190, and is then easily rubbed
to a fine powder, which greedily absorbs from 4 to 7 p. c. water, on

exposure to the air.

40 C
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Amygdalate of Zinc. By double decomposition of the lime-salt with

sulphate of zinc, and removal of the sulphate of lime with alcohol.

Gummy mass, having a molecular rotatory power, [a] r = 40'48

(Bouchardat).
Amygdalate of Lead. From aqueous amygdalates, ammoniacal sugar

of lead throws down a white precipitate, which gradually dissolves

during washing. (Wohler & Liebig.)

Amygdalic acid dissolves sparingly in aqueous alcohol, but is

insoluble in absolute alcohol, whether cold or boiling, also in ether.

(Wohler & Liebig.)

Amygdalate of Ethyl.

WOHLER. Ann. Pharm 66, 240 ; J. pr. Chem. 44, 382 ;
Pharm. Centr.

1848, 840.

Amygdalic ether, AmygdaUmaurevinester. When hydrochloric acid gas
is passed into a pasty mixture of amygdalin and alcohol, the amygdalin
dissolves, and does not separate on cooling. The faintly brown
liquid, after a few days, deposits sal-ammoniac, a further quantity of

which is precipitated on addition of ether. On mixing the liquid with
a considerable quantity of ether, an acid aqueous solution of sal-

ammoniac falls to the bottom, and above it there floats an ethereal

liquid which leaves a light-brown syrup when evaporated. This syrup
is heavier than water, and not miscible therewith, but dissolves with

decomposition in warm water.

Salicin.

u _. cuH8 4
,C

12H10 10
.

LEROUX. J. Chim. me'd. 6, 341 ; Scliw. 59, 356 ; Ann. Chim. Phys. 43,
440.

BRACONNOT. Ann. Chim. Phys. 44, 296 ; Pogg. 20, 47 ; N. Tr. 23, 2,

261; Br. Arch. 36, 226; Eepert. 36, 280. J. Cliim. me'd. 7, 17;
Pogg. 20, 621.

PELOUZE & GAY-LUSSAC. Ann. Chim. Phys. 44, 220; Ann. Pharm. 1,

43; Ann. Chim. Phys. 48, 111.

PIRIA. 1. Compt. rend. 6, 388; J. pr. Chem. 13, 500. 2. Compt. rend.

6, 620; J. pr. Chem. 14, 285. 3. Compt. rend. 7, 935; J. pr.
Chem. 16, 412 ; Ann. Pharm. 29, 300. 1 to 3, in detail : Ann. Pharm.

30, 151 ; J. pr. Chem. 17, 241
; Ann. Chim. Phys. 69, 281.

4. Compt. rend. 17, 168 ; J.pr. Chem. 30, 249 ; in detail : Ann. Pharm.
56, 49 ; J.pr. Chem. 36, 321 ; N. Ann. Chim. Phys. 14, 257 and 272.

5. Ann. Pharm. 96, 375 ; N. Ann. Chim. Phys. 44, 336.
BOUCHARDAT. Compt. rend. 181, 299 ; J.pr. Chem. 32, 89. Compt.

rend. 19, 602 ; 20, 110 ; 20, 1635.
GERHARDT. N. Ann. Chim. Phys. 7, 215 ; Ann. Pharm. 45, 19.
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Discovered by Leronx in 1830, after a previous attempt by Buchner (Repert. 29,
417 ; 34, 107) to isolate the bitter principle of willow bark. Keller (Repert. 39, 268)
and Peschier (J. Chim. med. 6, 651 ; Schw. 61, 208) ascribed basic properties to

salicin ; Buchner & Herberger (Repert. 37, 58) regarded it as a salt ; their errors were

pointed out by Duflos, Hopff, Braconnot, and others. Chiefly investigated by Piria.

Occurrence. In many species of willow, but not in all; most

abundantly (to the amount of 3 to 4 p. c.) in the bark of Salix Helix,

S. pentandra and S. prcecox, but likewise in the leaves, female flowers

and young twigs. The bark of young willow and poplar branches
contains more salicin than that of the older branches, and a smaller

proportion of substances which impede its purification; the leaves

contain a smaller quantity, and when they turn red in the autumn,
none at all (Herberger). The strong bitter taste of willow bark is due
to salicin ; sweet tasting willow barks, like that of Salix phylicifolia

(and, according to Duflos, those which are not reddened by oil of

vitriol) contain none. In Salix alba (Peschier, Leroux), not according
to Braconnot ; in S. amyr/dalina (Herberger; Leroy, J. Chim. med. 14, 87 ;

Braconnot), not according to Duflos ; not in S. argentea (Duflos) ; not
in S. babylonica (Herberg'er), S. bicolor, S. caprcea, S. dapkno'ides, but in

S.fissa (Braconnot) ; in S. conifera and S. fragilis (Herberger, Lasch) ;

not in the latter, according to Braconnot ;
in S. hastata (Peschier,

Lasch), S. Helix (Leroux, Braconnot; Gruber, Oesterr. med. Jahrb. 11,

316 ; Fr. Esenbeck & Becker, Ann. Pharm. 4, 33) ; S. incana (Peschier,

Buchner), not according to Braconnot ; S. lambertiana (Lasch) ;

S. mollissima and S. nigra (Herberger); S. pentandra (Herberger,
Lasch; Erdmann, Berl. Jahrb. 33, 1, 136); S. prcecox (Peschier, Her-

berger, Lasch) ; S. purpurea (Lasch, Herberger ; Pleischl, Zeitschr.

Phys. Math. 3, 322) ;
in S. reticulata, S. retusa and S. rubra (Herberger) ;

in S. Russelliana according to Duflos, not according to Braconnot ;

not in S. triandra (Braconnot) ;
in S. viminalis, according to Herberger

& Hopff ; riot, according to Braconnot ;
in S. vitellina according to

Buchner, Herberger & Lasch (N. Br. Arch. 2, 78), not, according
to Duflos and Braconnot. In the bark and leaves of various species of

poplar. In Populus alba (Braconnot ; Tischhauser, Berl. Jahrb. 34, 2,

126 ; Herberger) ; not in P. angulosa or P. balsamifera (Braconnot); it

exists in the latter, according to Herberger and Wittstein (Pharm.
VierteljaJir. 6, 47); in P. canescens (Herberger), P. grceca and
P. tremula (Herberger, Braconnot) ; in P. dilatata, P. nigra, P. tremu-

lo'ides (Herberger, Jahrb. pr. Pharm. 1, 157); not, according to
Braconnot ; also not in P. fastigiata, P. grandiculata, P. monilifera or
P. virginica (Braconnot). The herbaceous spiraeas mentioned at

page 235, vol. xii, contain salicin, inasmuch as when distilled with
water they yield salicylous acid (Wicke, Ann. Pharm. 83, 175). The
flower-buds of Spircea ulmaria yield a small quantity of salicylous acid

when distilled with water, more after the addition of bichromate of

potash, the acid being doubtless formed by decomposition of salicin

(Buchner, N. Repert. 2, 1 ; Ann. Pharm. 88, 284). Castoreum canadense

contains salicin (Wohler, Ann. Pharm. 67, 360).

Formation. By boiling populin with baryta- or lime-water, or,

together with benzoic acid, by heating populin with alcoholic ammonia.
If the benzoic acid be precipitated by ferric chloride, the excess of iron

removed by milk of lime, and the lime with carbonic acid, the
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concentrated filtrate yields crystals of salicin (Firia, Ann. Pharm.
96, 375).

Preparation, From willow or poplar lark ; according to Herberger,
it cannot be obtained pure from poplar bark, and is therefore better

prepared from willow bark, although the latter contains less of it. When
poplar bark is used, populin may crystallise out, either before or

together with the salicin (see below).

1. Six pounds of the dry chopped bark are boiled with water ; the

liquid is strained, concentrated down to 18 pounds, mixed while still

hot with 2 pounds of levigated oxide of lead, and digested for 24 hours.

The liquid is strained, the residue thoroughly washed, and the filtrate

evaporated to a syrup and left to crystallise. An additional quantity
of salicin is obtained from the mother-liquors after they have again
been treated with oxide of lead, and the entire product is purified by
repeated crystallisation (Duflos, Schw. 67, 25). 2. The aqueous decoc-

tion of the bark is precipitated with basic acetate of lead ; the filtrate

Is boiled with chalk, till the excess of the basic acetate is decomposed,
and the liquid becomes clear and colourless ; it is then evaporated to an
extract ; this is exhausted with alcohol of 34, and the solution is left to

crystallise (Peschier, Ann. Chim. Phys. 44, 418). 3. Sixteen parts of

bark are macerated with 2 pts. lime and with water for 24 hours ; the

mixture is boiled for half an hour, and strained ; the residue is treated

in like manner with the same quantity of lime as before ; and the whole
-of the liquids are decanted from the sediment, concentrated, then
mixed with 6 to 8 pts. of bone-black, and evaporated to complete dry-
ness. The residue, after being pulverised, is exhausted at a gentle heat

-with alcohol of 82 per cent., and the alcohol is distilled off from the

tinctures : the salicin then crystallises from the residue in pale yellow
granules, which are purified by recrystallisation, with help of animal

charcoal (Erdmann, JBerL Jahrb. 33, 1, 136). 4. A layer of recently

ignited charcoal powder is placed at the bottom of a Real's press ; above

it, a moist mixture of coarsely pulverised willow-bark and slaked lime,
and the bark is exhausted with alcohol of 80 per cent., which is finally

displaced by pouring water upon the mass. The pale yellow liquid,
freed from alcohol by distillation, yields, on evaporation, crystals which
are obtained pure by washing with cold water (Fr. Nees v. Esenbeck,
J3r. Arch. 35, 223).

Less simple modes of preparation are described by Leroux (Schw. 59, 356), Her-

berger (Repert. 55, 215), Hopff (Br. Arch. 37, 217), Tischhauser (Ann. Pharm.

7, 280), Tyson & Fischer (J. Pharm. 18, 170). See above.

Properties. Rectangular laminae with well developed terminal sum-
mits (Biot & Pasteur). Tabular or broad prismatic crystals of the

rhombic or right prismatic system, mostly appearing in the form of

white shining scales, needles or laminae. Fig. 68 without thep- and y-

faces, t\u 110 24'; u:u= 139 12'; u:u over t = 40 48'; t:i =
111 51'; i:i= 136 18'. Cleavage at right angles to the prismatic
faces w, probably also parallel to the face t, which has a strong pearly
lustre; the other faces have a pearly, vitreous lustre (Schabus, Bestim-

mung. 86). Pleischl (Zeitschr. Phys. Math. 3, 322) describes crystals
of the right prismatic system \ inch long, and a line in thickness.
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(Fig. 61), u:u= 109 55' and 70 5'. Cleavage parallel to p and u.

This cleavage and the angles of the prism do not accord with the
determinations of Schabus.

From the solution of salicin in warm water acidulated with sul-

phuric acid, thick, short, transparent, four-sided prisms are obtained
which grate between the teeth, and are as bitter as before this treat-
ment (Braconnot). They have the same composition as ordinary
salicin, and exhibit similar chemical reactions, but cannot be obtained
from every kind of salicin.

Salicin melts at 100 without loss of weight, and solidifies in the

crystalline form on cooling (Piria). Melts at 198 (0. Schmidt,
Dessert. Gott. 1861, 19). Has a very bitter taste, like that of the
willow. Inodorous, permanent in the air, neutral (Leroux, Gay-
Lussac & Pelouze). Not poisonous ; produces unpleasant symptoms
only when taken in doses of an ounce daily (Ranke). Sp. gr. 1'426 to
1-434 at 16 (Piria). Lsevo-rotatory, [a]r = 71'7 to 73'4

(Bouchardat Compt. rend, 18, 298).

26 C .
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mixture of sulphate of lead and rutilin (Stenhouse Phil. Mag. J. 19,

39; J. pr. Chem. 26, 138). When salicin is heated with peroxide of
lead, peroxide of manganese, or bichromate of potash, and sulphuric acid,

formic and carbonic acids are produced, in the last case also salicylous
acid (Piria). When more than 3 pts. oil of vitriol are used to 4 pts. of

bichromate of potash, saliretin is obtained instead of salicylous acid

(Piria). Dobereiner (Ann. Pharm. 3, 146) obtained a large quantity
of formic acid from salicin by the action of manganese and sulphuric
acid. See also xii, 236. Salicin reduces permanganate of potash (Duflos,
Schw. 61, 214).

5. In chlorine-gas salicin changes to a red, resinous, turpentine-like

mass, while a large quantity of hydrochloric acid is given off. When
chlorine-gas is passed into a mixture of salicin and water, chloro- and
bichloro-salicin are successively produced (Piria). Formerly Piria likewise

obtained a product which he subsequently regarded as a mixtureofbi- and per-chlorosalicin.

If the mixture be heated to 60 during the passage of the chlorine, a
red oil is separated, probably bichlorosaliretin, resulting from the de-

composition of bichlorosalicin by hydrochloric acid (Piria). Bromine
and iodine likewise act upon salicin, with evolution of heat, and
form resinous bodies similar to those which they produce from

phlorizin (De Konirick). When salicin is distilled with chloride of lime

and water, chloropicrin (xi. 216) is obtained, but no chloranil (Stenhouse,
Ann. Pharm. 55, 4 ; 66, 247). Aqueous chloride of lime does not form
a yellow precipitate with salicin. When soda-ley is poured upon
salicin, and iodine or bromine added till coloration is produced, and the

liquid evaporated in vacuo, salicylous acid is produced, but no salicylic
acid. (Lefort, Com,pt. rend. 23, 229.)

6. Salicin immersed in cold oil of vitriol forms a fine purple-red solu-

tion, from which water throws down a dark-red powder, Braconriot's

rutilin (Braconnot). The solution formed at 10 is decolorised by
water ; that produced at 30 is not ; both solutions contain olivin,

rutilin, and rufisulphuric acid (Mulder). With oil of vitriol, salicin

yields rutilin and glucose (or products of its decomposition). (Piria.)

Aqueous salicin is also reddened by oil of vitriol (Duflos, Schw. 67, 25).

When salicin is added to oil of vitriol, there is formed, as it dis-

solves, a bright red liquid, which loses its colour and deposits a red

powder, if the oil of vitriol is allowed to absorb water from the air, but

remains coloured if the oil of vitriol is diluted by addition of water,
also after neutralisation with alkalis. If the solution be diluted with

its own weight of water and neutralised with pulverised carbonate of

potash, sulphate of potash is precipitated mixed with rutilin ; the latter

when isolated by washing with water, has a yellowish liver-red

colour, is tasteless, and insoluble in water, alcohol, and glacial acetic

acid, even at the boiling heat. It is turned violet-red by alkalis, with-

out dissolving, brighter red by acids, and dries up to a black-brown

powder which yields picric acid with nitric acid, and leaves a large

quantity of charcoal when heated. This formation of rutilin (likewise

produced from populin) is attended with complete decomposition of the

salicin. (Braconnot, J. Chim. med. 17, 17; Pogg. 20, 621.)
a. Mulder's Olivin. When 2 or 3 grammes of salicin are immersed

in oil of vitriol at 15, and the product is washed with water and dried

at 130, an olive-green crystalline product is obtained, containing on

the average 68*67 p. c. C., 4-81 IL, and 26*52 0., and answering, accord-
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ing to Mulder, to the formula CUII6 4
. No other product appears to

be formed (therefore perhaps salicin minus 7 at. water =CRUO7. Kr.). This

olivin, when heated, gives off the odour of salicylous acid, and after-

wards empyreumatic products. It is insoluble in boiling hydrochloric
and dilute sulphuric acids, but dissolves, with violet colour, in warm oil

of vitriol. When heated with nitric acid, it is first dissolved with red

colour, and then decomposed. Insoluble in water, boiling potash-ley,
alcohol, and ether. (Mulder.)

b. Mulder's Rutilin (containing Sulphuric Acid). When larger quan-
tities of salicin are introduced into oil of vitriol, part of it cakes

together to a brown mass, enclosing still unaltered salicin. If this

mass be freed by decantation from the greater part of the oil of vitriol,

then shaken up with absolute alcohol, pulverised, and washed with
water and alcohol, rutilin remains behind ; it might also be separated
by agitating with absolute ether the mass which remains after

decanting the oil of vitriol, removing the upper milk-white layer of

liquid, and precipitating the lower violet-blue liquid with absolute
alcohol. This rutilin, according to the temperature at which it has
been prepared, appears, either as a violet translucent jelly, which dries

up to a violet powder or (at a higher temperature, between 30 and

70) as a hard brown powder. It dissolves with red colour in oil of

vitriol, also in nitric acid, and is decomposed when heated therewith.
After drying, it is insoluble in boiling potash-ley, but is taken up by it

in presence of excess of sulphuric acid, and then separates on evapora-
tion. It is insoluble in water, alcohol and ether. The products formed
at 40, 55, and 70 respectively, and dried at 130, differ from one
another in composition. (Mulder.)

c . . ..
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33*3 C. Mulder estimates the carbon at a higher amount, supposing that carbonate

of lime remained behind in the combustion. He regards the salts as compounds of

sulphuric acid, water and lime, with a body C14H7O5
, said also to be produced under

similar circumstances from phlorizin. (Mulder, J.pr. Chem. 18, 356.)

Salicin boiled with dilute sulphuric (or hydrochloric) acid is resolved

into saliretin (xii, 231) and glucose. If the liquid be heated only till

it begins to show turbidity (at 80), and then cooled, the solution will

be found to contain saligenin, which is therefore produced before

the saliretin, but is converted into the latter before all the salicin

is decomposed. (Piria.)
Formation of saligenin : C26H1S 14 + 2HO = C14H8 4 + C 12H12 12.-

The transformation takes place even when the air is excluded. (Piria.)
The complete decomposition is difficult, so that variable quantities of

glucose are produced (Roser, Ann. Pharm. 74, 184) yi^ pt. of hydro-
chloric acid mixed with aqueous salicin does not alter its rotatory

power at 10 in 48 hours (Bourchadat, Compt. rend. 18, 298). When
the solution in dilute hydrochloric acid, which is easily formed,
is evaporated on a glass plate, unaltered salicin remains, but hot

hydrochloric acid acts in the same manner as boiling dilute sulphuric
acid. (Braconnot). When hydrochloric acid gas is passed into alco-

holic salicin, a splendid purple-red liquid is formed, from which water

precipitates saliretin. (Roser.)

7. When small quantities of hydrochloric acid are added to a solu-

tion of salicin and chlorate of potash in boiling water, the mixture

acquires a deep orange-yellow colour, gives off, with brisk effervescence,
the products of the decomposition of chloric acid, together with a

large quantity of carbonic acid, and becomes covered with crystals of

chloranil, see xi, 196 (A. W. Hofmann, Ann. Pharm. 52, 64). A peculiar
oil is formed at the same time. (Stadeler, Ann. Pharm. 69, 327).

Aqueous iodic acid at 110 oxidises only j of the carbon of salicin,

unless it is employed in large excess (Millon, Compt. rend. 19, 271 ;

N. Ann. Chim. Phys. 13, 37.)

8. Cold concentrated nitric acid dissolves salicin more abundantly
than water, but does not decompose it; in fact on saturating the liquid

(immediately? Kr.), the salicin is recovered with all its properties.

(Braconnot). By the prolonged action of nitric acid on salicin, there

are produced, according to the temperature and strength of the acid,

helicoidin, helicin, ariilotic or nitrosalicylic acid, and lastly, if the
salicin is heated with excess of nitric acid, the products are picric
acid and oxalic acid.

a. When nitric acid of 20 Bm. is poured upon salicin at the tem-

perature of the air, and left to stand in an open vessel, the solution

which is yellow at first, deposits crystals of helicin :

C26H18QW + 2O = C26H 16O14 + 2HO.

Sometimes helico'idin is obtained instead of helicin, especially if the
nitric acid, has a specific gravity of about 12 Bm. ^No gas is evolved in

the reaction (except hyponitric acid), but by the further action of the
nitric acid on previously formed heliein, salicylous acid is also produced.
(Piria.)

b. The same mixture set aside in a closed vessel, so that the

hyponitric acid cannot escape, slowly deposits between 10 and 15
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crystals of anilotic or nitrosalicylic acid (xii, 305) the quantity of which

continually increases after a week, whilst little or no more heliciii is

produced.

C2GH 1SO 14 + iO f NO6,HO = C14XH5O6 + C^H^O 12 + 2HO.

Piria regards anilotic and nitrosalicylic acids (the identity of which was assumed at

vol. xii, p. 305, on the authority of Major) as distinct but isomeric acids, and likewise

maintains the opinion, against Major, at a later date (Cimento, 2, 299 ; Ann. Pharm.
97, 254). On the other hand, Werther (/. pr. Chem. 76, 449), Major and Strecker

(Ann. Pharm. 105, 299) found that the two acids are identical.

c. Salicin treated with 8 pts. nitric acid yields picric acid (xi, 211) and
oxalic acid. (Braconnot.) Mixed with excess of nitric acid diluted with
10 times its bulk of water, and heated once or twice to the boiling point,
it turns yellow, gives off red vapours with an odour of salicylous acid,
and when left at rest, deposits that acid in the form of an oil. On
again heating the liquid to the boiling point, it becomes clear, and
after some time, deposits on cooling, needles of nitrosalicylic acid,
which by longer boiling are converted into picric acid. (Gerhardt.)

9. In contact with fluosilicic alcohol (obtained by passing gaseous
fluoride of silicium to saturation into absolute alcohol kept cool with

ice), salicin acquires, after some time, a fine crimson colour. (W. Knop,
/. pr. Chem. 74, 62.)

10. When a 3 p. c. aqueous solution of osmic acid is poured upon
salicin, the latter dissolves to a colourless liquid, which even at ordi-

nary temperatures, and more quickly when heated, becomes yellow,
brown and black, from separation of osmic oxide, and emits an odour
of salicylous acid, that of the osmic acid disappearing at the same
time. On distilling the liquid (with further addition of osmic acid),

aqueous salicylous acid is obtained, while salicylic and oxalic acids

remain behind. (Buttlerow.)

11. Salicin added by small portions to boiling soda-ley dissolves

with effervescence, and the solution, after the alkali is saturated,

deposits saliretin. On distilling the solution, after neutralising with
an acid, salicylous acid passes over, and a residue is left containing
salicylic acid and a brick-red powder (Bouchardat, Com.pt. rend. 19, 1179;
see also below). When salicin is added by small portions to melting
hydrate of potash, the mass becomes brown and hot, then swells up,

gives off hydrogen, and becomes colourless again. The residue con-

tains salicylate, oxalate, and perhaps also carbonate of potash. If a
sufficient excess of potash is not used, the chief products obtained are

salicylous acid and a brown resin, instead of salicylic acid. When
salicin is more strongly heated with potash-hydrate, the mass blackens
and gives off carbolic acid. (Gerhardt). Salicin distilled with 4 pt. lime,

yields Stenhonse's salicone, which is a mixture of carbolic and salicylous acids (Ger-

hardt), while charcoal and carbonate of lime remain behind.

12. Sulphate and liydrochlorate of feme oxide colour saliein brown,
but without forming any precipitate. The liquid when boiled becomes
colourless and deposits an ochre-yellow precipitate. On evaporating
the filtrate to dryness, and treating the residue with absolute alcohol,
ferrous sulphate remains undissolved, and the alcohol yields by
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evaporation crystals different from salicin (De Koninck, Memoire sur la

Phlorizine, 13).

13. When salicin is brought in contact with water and emulsin

(xii, 233) at a temperature not above 40, it is completely resolved in

the^course of 10 or 12 hours, into saligenin and glucose :

C26H18Q14 + 2HO = C14H8O4 + C12H12O12
. (Piria.)

Respecting the sugar thus produced, see page 348 of this volume. The transforma-

tion is not dependent on the presence of yeast ; it is not prevented by
prussic acid, cupric sulphate, or cyanide of mercury (Bouchardat,
Compt. rend. 19, 602), but retarded by addition of 1 pt. caustic soda,
oil of vitriol, nitric acid or hydrochloric acid to 100 pts. of the salicin,

and in a less degree, if lime or magnesia be added, instead of the

substances just mentioned (Bouchardat, Compt. rend. 20, 110). The
action of emulsin is retarded by the presence of acetic or tannic

acid (Seelheim). When tannic acid is added to a mixture of emulsin
and salicin, the greater part of the salicin is found unaltered at the end
of 6 weeks, and partly crystallised out. The mother-liquor treated

with an additional quantity of emulsin, and again set aside, yields,
after evaporation, another portion of salicin, together with saligenin
and gallic acid, but no saliretin is produced (by the action of the acids on

the saligenin). (Seelheim, Dissert. Gottingen, I860.) Salicin dissolved in

water, in contact with yeast and bicarbonate of soda, decomposes in

the course of three weeks, with formation of saligenin and salicylous
acid (Ranke). 14. By digestion with saliva, at 38 or 40, it is de-

composed in a few hours in the same manner as by emulsin. The
quantity of saliva which can be collected in a quarter of an hour is

capable of decomposing 1 gramme (or more) of salicin (Stadeler, J. pr.
Chem. 72, 350; N. J. Pharm. 33, 127). 15. After the ingestion of

salicin, salicylous and salicylic acids are found in the urine. (Laveran
& Mellon, N. Ann. Chim. Phys. 12, 145). After large doses, unaltered
salicin is found together with saligenin, and perhaps also carbolic acid

(Ranke, J. pr. Chem. 56, 1); (see Handb. viii, Zoochem. 404). Diastase does
not act upon salicin at 40 (Stadeler).

Salicin dissolves in cold water ; more freely and perhaps in all pro-
portions, in boiling water (Pelouze & J. Gay-Lussac). It dissolves in

14 pts. water at 17 (Braconnot), in 17'85 pts. at 19-5 (J. Gay-
Lussac & Pelouze), in 28-57 pts. at common temperatures (Bouchardat),
in 30-31 pts. at 11-5 (Piria).

It neither saturates acids nor combines with them. It does not

undergo any alteration of rotatory power by contact with ammonia

(Bouchardat), neither does it form a coloured compound (correspond-
ing to phlorizin) when exposed to the air in contact with ammonia
(Mulder).

It dissolves in aqueous alkalis more easily than in water. When a
solution of salicin in water is mixed with

-J pt. potash-hydrate and

evaporated, there remains an uncrystallisable honey from which acids

separate salicin (Braconnot) : see above. Salicin does not neutralise
lime-water when boiled with it. Aqueous salicin does not precipitate
metallic salts.

Lead-compound of Salicin. Aqueous salicin neither dissolves lead-oxide nor

precipitates neutral or basic acetate of lead. '(Pelouze & Gay-Lussac.) Salicin gives
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off water when heated with oxide of lead, but may be recovered unaltered by means of

hydrosulphuric acid, even after being heated to 142. (Mulder, /. pr. Chem. 17, 298).

The compound is obtained by adding basic acetate of lead, drop by
drop, to a hot concentrated aqueous solution of salicin, till about half

the salicin is precipitated, and washing the product with de-aerated
water out of contact with the air. It is a white, light powder
resembling starch. Tastes sweetish and bitter. Does not give off

any water when heated to 200. It is coloured deep red by oil of

vitriol, and decomposed by acids, with separation of salicin. It dis-

solves in potash-ley and in acetic acid. (Piria).

Erdmann.
Piria. & Marchand.

26 C
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resembling palm-oil in colour and consistence, and solidifies in a crystal-
line mass on cooling. Inodorous. Tastes slightly bitter, somewhat
like salicin. Neutral.

Decompositions. 1. Helicin, melted for some time over the oil-bath,

gives off water and salicylous acid, the residue thereby becoming more
fusible, and ultimately solidifying on cooling, though not immediately,
to a yellow opaque resin. This resin is nearly insoluble in boiling
water and in alcohol, still exhibits with potash the reaction of helicin,

and, when boiled with very dilute hydrochloric acid, is partially decom-

posed, with evolution of salicylous acid, the greater part, however,
reappearing when cold as crystallised helicin. 2. The solution of

helicin in nitric acid of 13 or 20 Bm., set aside over-night, is found
to contain a large quantity of salicylous acid. 3. Bromine converts
helicin into bromohelicin. Aqueous and alcoholic helicin are converted

by chlorine into a- and /3-chlorohelicin. 4. Oil of vitriol colours

helicin orange-yellow, and then dissolves it. 5. When helicin is

boiled with very dilute sulphuric or hydrochloric acid, salicylous acid is

given off and glucose remains in solution. A similar but weaker and
less complete decomposition is produced by oxalic, citric and tartaric

acids. 6. When helicin is heated with potash or soda-ley the solution

turns yellow from formation of salicylite of potash, and the helicin is

completely decomposed. Baryta and lime act in a similar manner ;

ammonia and the alkaline carbonates less strongly. 7. By aqueous
emulsin, helicin is resolved into salicylous acid and glucose. By dis-

tilling the mixture for some hours, the whole of the salicylous acid is

obtained which the helicin is capable of yielding, and the solution

filtered from the coagulated emulsin contains the sugar :

C26H16Q14 + 2HO = C14H6O4 + C12H12O12
.

8. A mixture of helicin with yeast which has stood for some hours,
contains salicylous acid, and gives off gas when shaken.

Combinations. With Water. Crystallised Helicin. Slender white
needles grouped in tufts and radiate masses. Between 100 and 113
it gives off, on the average, 4-17 per cent, of water (calc. 4-54 p.c.).

52 C
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Helicoidin.

CMH84 88 = CUH8
0*,C

WH6 4
J
2C 12II10 10

.

PIRIA. Ann. Pharm. 56, 69 ; N. Ann. Chim. Phys. 14, 292.

Formed by disolving salicin in nitric acid of 12 B. (therefore also

instead of helicin when the acid used for the preparation of that substance is too weak)
and crystallises from the solution after some days. Needles similar

to helicin, which may be obtained pure by washing with cold water and
one recrystallisation from boiling water.

52 C ....
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Preparation. 1. The aqueous decoction of the bark is precipitated
with basic acetate of lead

; the filtrate is freed from lead by sulphuric
acid, then concentrated and boiled with animal charcoal ; and the salicin

is left to crystallise out. The mother-liquor yields with carbonate of

potash, a white precipitate of populin, which must be recrystallised
from boiling water (Braconnot). Herberger, after precipitating with
basic acetate of lead, removed the lead by passing carbonic acid into

the liquid, and evaporated the filtrate to a syrup, from which the

populin crystallised. From the decoction of the root-bark, populin

crystallises after concentration (even without precipitation by basic

acetate of lead). (Van de Ghejn.) 2. The leaves of the aspen are boiled

with water ; the decoction is precipitated hot with basic acetate of

lead ; the populin carried down with the precipitate is dissolved out

by boiling water; and the filtrate is evaporated to a syrup. The

crystalline mass which separates is pressed between linen, heated to

boiling with 60 pts. water and a little animal charcoal, and filtered at

the boiling heat : the populin crystallises on cooling (Braconnot).

Properties. Crystallised populin (see below) is rendered anhydrous by
heating it to 100. Anhydrous populin melts at 180 to a colourless

oil, which solidifies in a vitreous mass on cooling (Piria). Tastes
sweet (Braconnot). Rotatory power, to the left, proportional to the

quantity of salicin produced by the decomposition of the populin.

(Biot & Pasteur, Compt. rend. 34, 607.)
;

Decompositions. 1. Fused populin heated to 180 gives off pungent
vapours which condense in needles ; at 220 it turns brown, but is

obtained unaltered after solution in aqueous alcohol (Piria). When
subjected to dry distillation it swells up and yields empyreumatic
oil, from which benzoic acid crystallises on cooling (Braconnot).
2. It burns with flame and an empyreumatic resinous odour (Braconnot).

3. Heated with sulphuric acid and bichromate of potash it gives off

large quantities of salicylous acid (Piria). 4. By solution in nitric

acid of sp. gr. 1*30, it is converted into benzo-helicin, which crystal-
lises after standing for some time. The solution at the same time is

coloured yellow by hyponitric acid :

2O = C^H^O 16 + 2HO.

In this reaction also, the saligenin of the populin is converted into salicylous acid

(Piria). Weak nitric acid acts upon populin only at the boiling heat,

salicylous acid being given off from the acid solution ; ordinary nitric

acid acts violently, producing yellowish crystals, probably consisting
of picric, nitrobenzoic and oxalic acids (Piria). Braconnot obtained nothing
but picric acid; Koninck obtained picric and oxalic acids. 5. With oil of vitriol

populin forms a deep red solution whence water throws down a red

powder (Braconnot's rutilin, p. 434), which, after the sulphuric acid has
been removed, dissolves in water with red colour, and is reprecipitated

by acids (Braconnot). Hot oil of vitriol carbonises populin (Koninck).
By boiling with dilute acids, populin is resolved into saliretin

(xii, 231), benzoic acid and glucose :

4HO = C14H8O4 + C 14H 6O4 + C12H 12O 12
.

Saliretin. Benzoic
acid.
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The saliretin is produced by the further action of the acid on the

saligenin (xii, 234), which is the first-formed product (Piria). Concen-
trated phosphoric acid forms saliretin even in the cold (Braconnot)
The formation of glucose was first observed by De Koninck.

6. Populin heated to 100 in a sealed tube with alcoholic ammonia,

yields salicin, benzamide and benzoic ether. Gaseous ammonia does
not act on populin at 150 (Piria). 7. Heated with potash-hydrate, it

yields oxalate of potash (Braconnot). 8. Populin boiled with hydrate

of baryta or of lime, yields a benzoate and salicin :

C40H22Q16 + 2HO = C14H6O4 + C^H^O14
.

100 pts. crystallised populin yielded 28'9 pts. benzoic acid, the calcu-

lated quantity being 28'64 pts. (Piria). 9. By prolonged contact

with water, putrid casein, and carbonate of lime, it is decomposed with
formation of saligenin, lactate of liine and benzoate of lime (Piria).

Populin is not altered by chlorine or iodine, or by boiling with phosphorus and
water (Braconnot), or by emulsin (Piria).

Combinations. With Water. A. Crystallised Populin. White
silky, very light needles (Braconnot), resembling starch or magnesia
(Piria). Interlaced needles, which sometimes become broad, and appear like

laminae ; but always run out into a needle-shaped summit (Biot & Pasteur). Gives
off water between 35 and 40, and the rest below 100, in all

8'43 p. C. (Piria), 4 at. = 8*45 p.C. De Koninck describes three-sided laminse

which give off 5 '4 3 p. c. water in drying.

Piria.

Crystallised. mean.

40 C 240 .... 56-34 56'44

26 H 26 .... 6-10 6-27

20 O 160 .... 37-56 37'29

C40H22oi6j4HO 426 .... 100-00 lOO'OO

B. Aqueous Solution. Crystallised populin dissolves in about 2,000

pts. of cold water (Braconnot), in 1896 pts. at 9 (Piria), and in 70 pts.

boiling water (Braconnot). The cold solution deposits populin on

being saturated with common salt ; the solution saturated at the boil-

ing heat deposits it on cooling.

Populin dissolves easily and without decomposition in cold acids

not too concentrated, and is precipitated partially by water, completely
by alkalis (Braconnot, Koninck). According to Koninck, it dissolves also in

aqueous alkalis, and is precipitated by acids.

Aqueous populin does not precipitate any metallic salt. (Braconnot.)
It crystallises unaltered from solution in aqueous metallic salts, but

may be made to combine with oxide of lead, forming a white substance
insoluble in water. (Koninck.)

Populin dissolves easily in cold concentrated acetic acid, and is pre-

cipitated therefrom partially by water, completely by alkalis. (Bra-
connot.) It dissolves at 14 15, in 100 pts. absolute alcohol (Biot &
Pasteur) ;

in boiling alcohol more abundantly than in boiling water,
scarcely at all in ether.
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Appendix to Populin.

Peculiar Body from Poplar-buds.

W. HALLWACHS. Ann. Pharm. 101, 372; abstr. J. pr. Chem. 71, 117;
Ckem. Centr. 1857, 401.

The bruised buds of Populus nigra or P. dilatata are boiled with

water, the liquid strained, concentrated to a third, strongly super-
saturated with hydrochloric acid, and left to itself for 24 hours. The

separated yellow-brown mass is washed with cold water, recrystallised

by repeated boiling- with water, then dissolved in boiling water, and

precipitated with neutral acetate of lead. The washed lead-salt is

decomposed by hydrosulphuric acid under water ; the solution is

heated to the boiling point and filtered ; and the laminae, which

separate on cooling, are purified by recrystallisation from ether or

from water.

White laminae with a silky lustre. Tasteless, with a faint odour.

Melts at 180. Has a strong acid reaction. Contains, on the

average, 62-50 p. c. C., 5'87 H., and 31'63 0.

Decomposes when heated above 200, diffusing aromatic vapours.
Dissolves in oil of vitriol, with straw-yellow colour, changing to deep

crimson on addition of a small quantity of nitric acid. Decomposed
by heating with dilute hydrochloric acid or baryta-water, with formation

of sugar. Nitric acid converts it into picric acid. Heated with a

strong solution of chloride of zinc, it assumes a violet-red colour.

Dissolves at 22 in 1998 pts. of cold water, more easily in boiling
water. Easily soluble in aqueous alkalis, also in hot alcohol ; dis-

solves in 44 pts. ether at 22.

Benzo-helicin.

w __ C14H5 3
,C
UH5 3

,C
12H10 10

.

PIRIA. Ann. Pharm. 81, 246 ; 96, 379.

Formation, p. 442.

Whenpopulin is immersed in 10 or 12 pts. nitric acid of sp. gr. l*30y

the liquid in a few minutes assumes a yellow colour, takes up all the

populin, and soon afterwards deposits crystals of benzo-helicin ; a

further quantity may be obtained by diluting the mother-liquor with
water. Purified by recrystallisation from boiling water. (See below.)

Properties. Silky needles grouped in tufts, and not giving off any
water when heated.
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Chlorosalicin.

u = C 14C1H7 4
,C

13H10 10
.

PIRIA. N. Ann. Chim. Phys. 14, 275 ; Ann. Pharm. 56, 52 ; J. pr.
Chem. 36, 321.

Formation, p. 434.

Preparation. Chlorine gas is passed through a pulp of 1 pt. finely

powdered salicin and 4 pts. water, till the whole is dissolved and a

copious crystalline precipitate is subsequently formed. The separated
chlorosalicin is pressed between linen, washed with a small quantity
of cold water, dried between paper, freed from a small quantity of

adhering resin by agitation with ether, and recrystallised from boiling
water.

Properties. Crystallised chlorosalicin is dehydrated by a heat of

100 to 110, and melts at a higher temperature to a colourless liquid.
Inodorous. Tastes bitter, like salicin.

Decompositions. 1. When heated above its melting point, it gives off

a large quantity of hydrochloric acid and leaves charcoal. 2. It dis-

solves in oil of vitriol, with reddish colour. 3. By dilute acids it is com-

pletely resolved into glucose and a yellow resinous precipitate, pro-

bably chlorosaliretin. 4. Its aqueous solution is quickly decomposed
by emulsin into glucose and chlorosaligenin (xii, 293) :

C^CIH^O14 + 2HO = C14C1H7O4 + C12H 12O12
.

Combinations. With Water. Crystallised Chlorosalicin. Long,
silk}

7

-, very light needles, which give off 10*14 p. c. water (calc. 4 at. =
10-10 p. c.) between 100 and 110.

Piria.

Crystals. mean.

26 C ........................ 156-0 ........ 43-76 ........ 43'56

Cl ........................ 35-5 ........ 9'96 ........ 9'96

21 H ........................ 21'0 ........ 5-89 ........ 6-14

18 O ....................... 144-0 ........ 40-39 ........ 40'34

C26ClH 17Q14 +4aq..... 356'5 ........ 100-00 ........ lOO'OO

Chlorosalicin dissolves in water and in alcohol, but not in ether.

Chlorhelicin.

i5 i4 _ CUC1H6 4
,C

12H10 10
.

PIRIA. N. Ann. Chim. Phys. 14, 295; Ann. Pharm. 56, 72.

Obtained in two modifications, known as a- and /3-chlorhelicin.
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0,'Chlorhelicin. A mixture of water and helicin is shaken up in a
bottle filled with chlorine gas, as long as the chlorine continues to be
absorbed and hydrochloric acid formed. The helicin swells up to a

transparent jelly, which must be pressed between linen, washed with
cold water, and

recrystallised
from boiling water. The solution, on

cooling, either deposits small needles of mono-hydrated a-chlorheliciri,
or solidifies to an amorphous, pasty jelly, containing more water than
the needles.

The needles, heated to between 120 and 130, are converted into

anhydrous a-chlorhelicin. Inodorous. Tastes bitter.

Between 120 and 130. Piria.

26 C 156-0 .... 48-98 49-02
Cl 35-5 .... 11-14 11-02

15 H 15-0 .... 472 4-90
14 O 112-0 .... 35-16 35-06

C26C1H15O14
... 318-5 .... 100-00 lOO'OO

a-chorhelicin, when heated, gives off vapour of chlorosalicylous
acid (xii, 294). The same acid is obtained, together with glucose or
its products of decomposition, on heating a-chlorhelicin with dilute

acids, or alkalis, or by treating it with emulsin :

C26C1H15O14 + 2HO = C14C1H5O4 + C12H12O12
.

Crystallised a-chlorhelicin contains 3 p. c. water, which goes off

when the crystals are heated, the quantity evolved being
1 rather more

than 1 at. (calc. 2*76 p. c. HO), probably because a small quantity of

gelatinous a-chlorhelicin is likewise present (Piria).

Nearly insoluble in cold, easily soluble in hot water and alcohol.

(3-Chlorhelicin. When chlorine gas is passed through an alcoholic

solution of helicin, the liquid becomes hot, and deposits a white starch-

like powder, an additional quantity of which is obtained on cooling.
This powder contains, on the average, 48*75 p. c. C., 5*04 H.,
11*46 CL, and 34*16 0., like a-chlorhelicin; but it is insoluble in water,

nearly insoluble in boiling alcohol, and when treated with acids, alkalis,
or emulsin, yields neither sugar nor chlorosalicylous acid.

Bichlorosalicin.

C26C12H16 14 = C 14C12H6 4
,C

12H10 10
.

PIRIA. Ann. Pharm. 56, 55.

Preparation. Pulverised chlorosalicin is suspended in water,
and chlorine is passed through it, or chlorine gas is made to

act for a considerable time on salicin (suspended in water). The pro-
duct is purified by washing with ether, and recrystallisation from boil-

ing water.

By drying at 100 the crystals are converted into anhydrous
bichlorosalicin, which, at a stronger heat, melts to a transparent mass,
solidifying in the vitreous form on cooling. Inodorous. Tastes rather

bitter. Neutral.
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Decompositions. 1. Bichlorosalicin, when strongly heated, gives off

inflammable vapours and leaves charcoal. By dry distillation a heavy
oil is obtained, together with an acid liquid, which yields chloro-

salicylous acid when treated with ether. The chlorosalicylous acid

results from the decomposition of bichlorosaligenin : C 14C12H6 4 =
C 14C1H6 4 + HC1 (Piria). 2. When {chlorine gas is passed through
bichlorosalicin suspended in water; the bichlorosalicin dissolves on

applying heat to the liquid, and afterwards a red resin is precipitated.
The latter is also produced, together with glucose, on heating bichloro-

salicin with dilute acids, and appears to consist of bichlorosaliretin.

3. Bichlorosalicin dissolves without colour in oil of vitriol. 4. After

being left for some time in contact with aqueous emulsin, it forms

glucose and bichlorosaligenin (xii, 297), which, however, is produced

only so long as the liquid is capable of taking it up, and only in small

quantity on account of its sparing solubility :

C26C12H 16O14 + 2HO = C14C12H6O4 +

Combinations. With Water. Crystallised Bichlorosalicin. Long,
snow-white needles, having a silky lustre : they give off at 100,
from 4*95 to 5*04 p. c. water (2 at. = 4-84 HO).

Crystals.

26 C
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With dilute acids it yields a resin, probably perchlorosalhvliu. In

contact with solution of emulsin under water, it 3
r
ields, after a while, a

liquid which colours ferric salts blue, but mily a very small quantity <>i'

perchlorosaligenin is set free.

Combinations. With Wetter. Crystallised Perchlorosalicin (see above)
heated to 100 in a current of air gives off 4-48 p. c. water
(2 at. = 4-43 p. c. HO).

Piria.

0?
26 C .. ..
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;
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10, 210; J. pr. Chem. 2, 320. Ann. Chim. Phys. 56, 303.

BUCHNER. Sepert. 46, 316.
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MULDER. Scheik, Onderz. 4, 639 ; abstr. J. pr. Chem. 48, 90.

STRECKER. Ann. Pharm. 81, 248 ; Chem. Soc. Qu. J. 5, 102 ;
abstr.

Pharm. Centr. 1852, 427. Ann. Pharm. 90, 328 ; abstr. J. pr. Chem.

62, 434 ; Pliarm. Centr. 1854, 753 ; N. Ann. Chim. Phys. 42, 231 ;

Phil. Mag. [4], 8, 157.

A. & W. KNOP. J. pr. Chem. 56, 327 ; Pharm. Centr. 1852, 417 ;
abstr.

Ann. Pharm. 84, 283.

E. ROBIQUET. N. J. Pharm. 23, 241 ; abstr. Compt rend. 35, 19 ;

J. pr. Chem. 57, 127. N. J. Pharm. 26, 29 ; J. pr. Chem. 62, 419.

W. KNOP. Pharm. Centr. 1854, 855 ; 1855, 657 and 737; 1856, 513 ;
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ROCHLEDER & KAWALTER. Wien. AJcad. Ber. 29, 28 ; 30, 159 ; J. pr.
Chem. 74, 28 and 399 ; Chem. Centr. 1858, 579 ; Chem. Gaz. 1858,
421.

Tannin, Tanning principle, Gerlstoff, Gerlendes Princip, Lohestojf, Eichengerl-
saure (Berzelius). Recognised as a distinct substance by Deveux ; more exactly by

Seguin ; first prepared pure or nearly pure by Berzelius ; shown to be a glucoside

(p. 341) by Strecker.

Sources. In Turkish gall-nuts (Handb. viii, Phytochem. 77), in or-

dinary oak-apples and Chinese gall-nuts [excrescences formed on the

branches of Elms semialata or E. Chinemis. (Schenk, N.. Eepert. 5, 26

and 346.)]

Many other plants and parts of plants contain substances, mostly

amorphous, which have a slight acid reaction, and a rough, but not

sour taste, precipitate gelatin and albumin from their solutions, and
unite with animal membrane into a mass which resists putrefaction,

namely, leather, the skin then becoming tanned. All these substances,
the tannic acids, were at first supposed to be identical with gallo-tannic

acid, or to differ from it only in consequence of the admixture of

foreign matters. In the third edition of this Handbook, a distinction

was made between tannin which gave a blue, and tannin which gave
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a ;4'ivc>;i colour with ferric salts (see below) ;
but this distinction has lost

its value since the discovery of a number of distinct tannic acids

existing in nature. The more exactly investigated bodies of this

group will be separately treated in an Appendix to Gallo-tannic acid, their

formulae not being sufficiently well established to enable us to assume
their exact places in the general system. Moreover, the researches
hitherto published do not enable us to determine with certainty, which
of these acids may correspond to gallic or to cllagic acid (that is to

say to the products of decomposition of gallo-tannic acid). (Kr.)
On the validity of the distinction between iron-blueing and iron-

yreeninq tannin, several views have been put forward, in which, how-
ever, these denominations have been understood as applying- to two

groups of bodies. If, according to Geiger, water containing a small

quantity of alkali be gradually added to a ferric salt which has been
turned green by any kind of iron-greening tannin, the green colour

changes to violet-black, the tint usually produced by iron-blueing*
tannin. On adding an acid, the green colour is restored. According
to this result, the difference between the two groups might be that
the iron-blueing tannin is less rich in free acid ; nevertheless, it reddens
litmus more strongly than the other kind of tannin. It appears to

contain [ ? to be capable of yielding] a larger proportion of gallic
acid ; but iron-blueing tannin is not converted into the iron-greening
kind by addition of gallic acid. (Gmelin.) The blue or green reaction

is by no means an infallible characteristic of the species of tannic acid,
since bases colour the ferric compounds of tannic acid blue, and acids

change the blue to green. With ferric acetate, the iron-greening acids

form a blue compound ; the green compound which they form with
other ferric salts, is turned blue by addition of a sufficient quantity of

acetate of lead, either neutral or basic, and even by a large quantity
of gelatin. A compound of iron-greening tannic acid with lead-oxide,
is turned blue by ferric sulphate ; an iron-greening tannic acid is

turned blue by continued exposure to the air, in contact with water
and iron-turnings. (Cavallius, Berz. Jahresb. 1841, 274.) But the

colours thus obtained with iron-greening tannic acids are very different

from those produced by the iron-blueing acids, and the two cannot be
converted one into the other. Thus, catechu-tannic acid (obtained by
exhausting catechu with a small quantity of water : see below) left in

contact for a few days with iron filings, assumes a dirty greyish, not
a black-blue colour, and the precipitate does not turn green when
tn-aicd with a small quantity of acetic acid, but dissolves on the addi-

tion of a larger quantity, and is precipitated purple-grey on addition

of ammonia. The iron-greening tannic acids of catechu, kino, alder,

larch, and birch-bark, and of tormcntilla-root, are likewise incapable
of yielding a good ink. The extracts of iron-greening parts of plants
do not yield pyrogallic acid by dry distillation, unless they contain

gallic acid ready formed. (Stenhouse.) This also shows the incorrect-

ness of the view advanced by Honing (A
7

. J>r. Arch. 73, 150), who
regards the two groups as not essentially different from gallotan-iin,
and as identical therewith when pure.

All iron-greening tannic acids (as those from kino, tormentilla and
bistorta roots) yield pyrocatechin (xi, 379) by dry distillation, whereas
the iron-blueing acids yield pyrogallic acid (xi, 398). Many plants con-
tain both iron-blueing andiron-greening tannin; and these yield, by
fractional precipitation with sugar of lead, first iron-blueing and after-

2 G 2
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wards iron-greening precipitates. This is the case with tormentilla

and bistorta roots, both of which yield at first an aqueous extract,
which turns ferric salts blue, but after incomplete precipitation with

sugar of lead, turns them green (Eissfeldt, Ann. Pharm. 92, 109 ; Uloth,
Ann. Pharm. Ill, 215).

Tannic acids occur especially in perennial plants, but are likewise

found in annuals and biennials (Wahlenberg). Pettenkofer (N. Repert.

3, 74;, found tannic acid in Solanum tuberosum and Potentilla tormentilla,

which are perennial, but riot in the annual species, Solanum tuberosum

\? S. Dulcamara or S. nigrurn] and Potentilla anserina. Tannic acids

are found in the perennial roots of annual species, in the bark of most

tree-stems, and in the young branches of shrubs and woody plants.
The white inner part of the bark, lying next to the alburnum, contains

the purest tannic acid, whilst the middle portion contains more
extractive matter, and the outer bark is generally destitute of both ;

young barks contain more tannic acid than older barks, in which,

indeed, they are for the most part converted into brown extractive

matters (Davy). Tannic acids are also found in the husks of fruits and

seeds, and in unripe fruits, less frequently in the leaves, and least of all

in the petals. According to Wahlenberg, they are never found in the

interior of the seed, or in poisonous plants, or in such as contain

caoutchouc or milky juice.

Iron-blueing tannic acids are found in the leaves, bark, &c., of the oak,

poplar, birch, hazel-nut, and other trees ; the leaves of Arbutus Uva ursi

and Arbutus Unedo,Lythrum salicaria, the stalks of Ribes rubrum, the bark

of Cornus mascula^
and many other plants and vegetable organs. Iron-

greening tannic acids occur in catechu, cinchona-barks, pines and firs, in

the root of Crameria triandra, Rheum Rhaponticum, tormentil, in the

bark of Salixtrianda and S.undulata, of Alnus glutinosa, Pinus Larix and

Rhizophora Mangle, the common black mangrove (Sterihouse), arid many
other plants.

The tannic acid of the Sumach is identical with, or very similar to,

gallo-tannic acid. It yields pyrogallic acid by dry distillation, and gallic
acid when decomposed by sulphuric acid. (Stenhouse.) Black tea

contains a small quantity of boheic acid (xii, 473), and a very large

quantity of gallo-tannic acid. The aqueous infusion precipitated with

sugar of lead yields a salt, the organic substance of which contains

50*4 p. c. C., 4*2 H., and 45'4 0., agreeing therefore in composition
with gallotannate of lead. When boiling aqueous sugar of lead is

added in excess, a precipitate is formed containing 64'49 p. c. lead-

oxide (Rochleder, Ann. Pharm. 63, 202). The aqueous extract, either

of black or of green tea, yields, by dry distillation, pyrogallic acid,

proceeding from the gallic acid contained in the tea. From the infusion

of the tea, -J-
vol. oil of vitriol throws down a dark brown precipitate,

which dissolves in water much more easily than that from gallo-tannic

acid, and does not yield any pyrogallic acid by dry distillation. When
boiled with dilute sulphuric acid, it does not yield any gallic acid, but a

brown substance sparingly soluble in water, and is therefore altogether
different from gallo-tannin (Stenhouse). On the tannic acid of tea, see also

Mulder (Pogg, 43, 635.) The tannic acids pf kino and of tormentil root,

agree when pure with gallo-tannic acid ; in the impure state, they pre-

cipitate ferric chloride green or grey ; in the pure state, blue-black

(Herinig): see Kinotannic acid. The tannic acid of oak-bark is regarded
by Bcrzelius (Lehrlnch, 3 Ann. 6, 213), as identical with gallotannic
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acid. According- to Stenhouse, it yields neither gallic nor pyrogallic
acid ; the precipitate produced by boiling* with dilute sulphuric acid is

red-brown and nearly insoluble in water.

Mirabelles, Valonia, Dividivi, the fruit of Anacardium longifolium, bis-

torta-root, pomegranate-bark, and the bark of the birch, hazel-nut and
larch, contain tannic acids different from gallo-tannic acid (Stenhouse).

Turkish gall-nuts contain 65 p. c. tannic acid (Guibourt), 72 p. c.

(Mohr), 55 to 60 (Biichner), Chinese gall-nuts contain 69 p. c. (Bley,
Stein) ; Bassorah gall-nuts, 26 p. c. (Bley, N. Br. Arch. 75, 138).

Preparation. 1. A displacement apparatus is half filled with finely

pulverised gall-nuts, and commercial ether containing water and
alcohol is poured in. The liquid which runs away separates into

two layers, the lower of which is a heavy, syrupy, amber-coloured
solution of tannic acid, water and ether, while the upper is mobile,

consisting of ether, water, gallic acid, and a small quantity of tannic
acid. Ether is poured into the apparatus as long as the lower stratum
continues to increase ; the upper layer is then removed ; and the lower
is repeatedly washed with ether, and dried in vacuo, or by heat. Gall-

nuts thus treated yield from 35 to 40 p. c. tannic acid (Pelouze). A
better mode of proceeding is to stir powdered gall-nuts to a paste with
commercial ether, leave it to macerate, press through linen, and
exhaust the galls by repeated treatment : the product thus obtained
amounts to 60 per cent. (Lecannot, J. Pharm. 22, 149 ; Ann. Pharm.

18, 179. Domine, N. J. Pharm. 5, 231). The latter uses commercial
ether of 56 Baurne, and leaves the gall-nut powder previously for

4 days in a cellar, so that it may absorb moisture, before submitting it

to the action of the ether. The tannic acid thus obtained is somewhat
less pure than that which is prepared by displacement (Beral, Mohr).

2. 100 pts. powdered gall-nuts are treated in the displacement

apparatus with a mixture of 300 pts. ether, 15 pts. alcohol of 90 p. c.,

and 5 pts. water (or 20 pts. alcohol of 69 p. c.) ; the residue, after the

liquid has run off, is twice treated with the same mixture, three

times with pure ether ; and the whole of the extracts are shaken

up together, and left to settle for a week. The upper of the two layers
thus formed is decanted from the syrup below ; the latter is evaporated
over the water-bath; and the residue is dried between 100 and 110.
The decanted ether deposits an additional quantity of syrup, if a third of it is subjected
to distillation and the residue thereby obtained is mixed with the remaining two-thirds,

or if a little water is added. To free the tannic acid thus obtained (or

according to 1) from admixed gallic acid, ellagic acid, volatile oil, and

chlorophyll, 100 pts. of it are shaken up with 100 pts. water and 200

pts. ether, whereby three layers are formed, the upper consisting of

ether, the middle of aqueous gallic acid and impure tannic acid, while

the lowest, which is syrupy and amounts to 215 pts., leaves, on

evaporation, 90 pts. of pure tannic acid (Guibourt). Beral, (/. Cftsm.

med. 75, 225) adds to 8 pts. gall-nut powder the half of a mixture of

\-> pts. ether, 3 pts. alcohol of 85 p. c. and 1 pt. water; places the mix-

ture in a funnel provided with a stop-cock; pours the rest of the

liquid on it ;
leaves it to drain away for 6 hours

; displaces the solution

still remaining in the funnel by pouring in 4 or 5 pts. of water; and

evaporates the filtered liquid. The same process is adopted by Branded

(X. J>r. Airli. 21. >Y2ii).
Mohr employs for the extraction a mixture of
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equal volumes of ether and alcohol of 90 p. c. The filtrate is syrupy,
but thinner than that obtained by 1

,
and forms only one layer, exhibits

but little turbidity on the addition of a large quantity of ether, and if

7 fluid ounces of ether are used to 2 oz. of galls, yields a quantity
of tannic acid amounting to 72 per cent, of the galls. If a mixture of

4 vols. ether and 1 vol. alcohol of 90 p. c. is used, the extract has the

same constitution (Mohr, Sandrock). With Chinese galls, hydrated
ether acts better than ether-alcohol (E. Riegel, N. Jakrb. JPharm.

3, 252).

3. Four parts of gall-nut powder covered with 8 pts. water, are

left to stand for two hours ; the liquid is filtered ;
the filtrate, amount-

ing to about 4 pts., is mixed with 2 pts. ether and poured into a tap-
funnel ;

and the syrupy layer thus formed (containing 40 pts. tannic

acid to 7 pts. water and 53 pts. 'ether), is separated from the upper

liquid ; which latter, if again agitated with ether, yields an additional

quantity of syrup. By this process, ^ of the tannic acid contained in

the decoction is obtained (Beral).

4. Aqueous extract of gall-nuts is exhausted with ether, which

takes up the gallic acid together with part of the tannic acid ;
the solu-

tion is then evaporated ; and the admixed crystals of gallic acid are

dissolved out of the residue by small quantities of ether (Berzelius).

5. Gall-nut powder is exhausted with a moderate quantity of hot

water, strained through linen and pressed ; the turbid infusion is stirred

up with a small quantity of dilute sulphuric acid, which precipitates
the matters causing the turbidity, so that at last the liquid goes clear

and easily through the filter ;
and oil of vitriol is added to the filtrate

as long as the precipitated white flocks are thereby made to unite, in

the course of an hour, into a brownish pitchy mass, which, in addition

to tannic and sulphuric acids, contains oxidised extractive matter, and

peihaps also other substances. The liquid decanted therefrom is

mixed with oil of vitriol, as long as a precipitate is thereby formed ;

the white or yellowish flocks are thrown upon a filter, washed with
water containing a sufficient quantity of sulphuric acid to prevent it

from exerting a solvent action, pressed between bibulous paper as

long as they render the paper moist, and then dissolved in cold water ;

the solution is mixed with finely pulverised carbonate of lead as long
as effervescence ensues, and placed in contact with a small quantity of

carbonate of lead till it no longer precipitates chloride of barium ; and
the filtered liquid is immediately evaporated in vacuo. The solution

in boiling water of the pitchy precipitate obtained with sulphuric acid,

deposits, on cooling, a similar, but still more impure, pitchy substance;
whilst purer tannic acid remains in solution, which, however, cannot
be obtained quite pure by treatment with carbonate of lead, &c.

(Berzelius). Rochleder & Kawalier employ hydrochloric instead of

sulphuric acid, the former, according to Stenhouse, precipitating tannic

acid more completely from its aqueous solution.

G. The infusion clarified with a very small quantity of sulphuric
acid and filtered, as in method 5, is mixed with aqueous carbonate
of potash or carbonate of ammonia, as long as anything is thereby
precipitated (if too much alkali is present, the precipitate re-dis-

solves) ; the A^7

llite precipitate, containing tannate of potash or
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ammonia, is washed on the filter with the smallest possible quantity
of cold water, then dissolved in boiling- dilute acetic acid, and the solu-

tion is left to cool, foreign matters then separating
1 out. The liquid

separated therefrom is precipitated by basic acetate of lead ; the washed
and still moist precipitate is suspended in water and decomposed by
liyurosulphuric acid; the liquid is filtered ;] and the limpid filtrate is

immediately evaporated in vacuo over carbonate of potash (Berzelius).
7. Gall-nut powder is exhausted with cold water; the filtrate is

nearly neutralised with ammonia, so that it retains but a slight power
of reddening litmus then precipitated by chloride of barium ; the tan-

nate of barium is left to settle down in a bottle filled with the liquid ;

the solution is decanted ; the precipitate washed on a filter with cold

water, whereby it is turned green and partially dissolved, then dis-

solved in acetic acid ; the liquid is filtered and precipitated by basic

acetate of lead ; and the precipitated tannatc of lead is decomposed by
hydrosulphuric acid, as in G. (Berzelius.)

The older methods of Thomson, Grotthus (Sc/nv. 13, 132), Proust

(Scher. J. 2, 252; 10, 91), Boiiilloii-Lagrange, Merat-Guillot (Scher. J.

10, 87), Trommsdorff (A. Gehl 3, 111. N. Tr. 2, 1, 61. Taschenb.

1820, 43), Schrader (N. Geld, 8, 509), Loper (N. Tr. 5, 1, 339), Meissner

(Eerl. Jahrl. 29, 2, 61, and 91), yield impure tannic acid or sometimes
none at all. To obtain tannic acid from vegetable substances con-

taining too great a proportion of foreign matters to admit of direct

extraction with ether, the aqueous extract is precipitated with acetate

of quinine, cinchonine, or some ether vegetable alkali ; the washed pre-

cipitate is dissolved in alcohol ; the tannic acid is precipitated with
neutral acetate of lead ; the precipitate decomposed by hydrosulphuric
acid ; the filtrate evaporated to dryncss in vacuo ; the residue dissolved

in ether-alcohol; and the solution again evaporated (Gerhardt, Tr<<itt',

3, 849).

Purification. By solution in ether of sp. gr. 0*72, which leaves un-

dissolvcd the greater part of the yellowish brown tannic acid rendered
fluid by the water in the ether (Berzelius). The ethereal solution of

tannic acid (prepared by 1) is mixed with such a quantity of water as

to form three layers, the lowest of which is syrupy and may be

separated by a tap-funnel, this liquid is then mixed with water, and
warmed till the ether or alcohol is completely expelled, then evaporated
in vacuo over oil of vitriol, and the residue is dried between 120 and
130 (Strecker). From impure tannic acid, anhydrous ether extracts

gallic acid, fat and resin, and likewise ellagic acid if it has been pre-

pared with ether-alcohol. Of the three layers formed by agitation
with ether and water, the middle one contains these impurities dis-

solved in ether (Luboldt).
Tannic acid prepared and purified by method 1, cannot be further

resolved into different substances by repeatedly treating its ethereal

solution with water, but exhibits the same composition before and
after this treatment (Strecker). Rochleder & Kawalier, on the other

hand, regard the tannic acid obtained from gall-nuts by exhaustion
with ether and water, as a mixture still containing gallic and ellagic
acids ; this conclusion they deduce from the following experiment:

Turkish gall-nuts exhausted with ether and w:itcr in the displace-
ment apparatus yield a solution which scparsilcs into three layers,
the uppermost a being yellowish and mobile, and containing a large
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quantity of gallic acid; the lowest ft having a brown colour and

depositing a large qiiantity of ellagic acid, when left for some time out

of contact with air, or when treated with acids ;
and the middle 7

being brownish yellow and syrupy. This middle layer separated,
washed with ether, mixed with water, warmed till the ether is

evaporated, and then precipitated with neutral acetate of lead, yields
a yellowish white precipitate ; and, on treating this precipitate a with
50 cc. acetic acid and 200 cc. water, the undissolved portion b with
100 cc. acetic acid and 200 cc. water, and in like manner the suc-

cessive undissolved portions, c with 150 cc. acetic acid and 150 cc.

water, d with 200 cc. acetic acid and 100 cc. water, and e with 200 cc.

acetic acid, five solutions a, &, c, J, e arc obtained, together with a

residue/. Each of these solutions is precipitated with basic acetate of

lead
;
and the precipitates, after washing with water, are decomposed

by hydrosulphuric acid, the precipitate /being also treated in the same
manner. On filtering

1 the solutions from the sulphide of lead, and

evaporating them, first in a stream of carbonic acid, afterwards in

vacuo, a leaves nearly pure gallic acid ;
b a mixture of gallic and tan-

nic acid ; c tannic acid with traces of gallic acid ; while d and e

leave a transparent vitreous mass which gradually becomes opaque,

perfectly white, and very friable ; / leaves ellagic and tannic acid.

d, dried at 100 in vacuo, contains 50-81 p. c. C., 3'86 H., and 45-330.,
and when boiled with hydrochloric acid in a stream of carbonic acid,

yields 1-38 p. c. ellagic acid and 4-38 p. c. sugar; but this portion of d,

if twice boiled in the state of powder, with quantities of ether not
sufficient to dissolve it completely, and, after the removal of these
somewhat coloured extracts, dissolved completely in ether, and

evaporated in vacuo after addition of water, contains 5T72 p. c. C.,

3*76 H., and 44-53 0., and yields with hydrochloric acid, 0'73 p. c.

ellagic acid and 7'07 p. c. sugar. e behaves externally like d. The
tannic acid of / when separated from the ellagic acid, contains

52-21 p. c. C., 3.59 H., and 44-20 0., and yields with hydrochloric acid,

7*27 p. c. ellagic acid and 4-96 p. c. sugar (Rochleder & Kawalier).

Purification according to Rochleder & Kawalier. The solution of

tannic acid in the smallest possible quantity of water is shaken up
with a small quantity of solution of neutral acetate of lead ; the

filtrate is mixed with water, and filtered again from the very impure
tannate of lead thereby precipitated ; and the new filtrate is precipitated

by neutral acetate of lead in three portions. By decomposing the

first and third of these precipitates with hydrosulphuric acid, and

expelling the excess of that acid by a stream of carbonic acid, solu-

tions are obtained, which, when boiled with hydrochloric acid out of

contact with the air, yield a large portion of ellagic acid. If the tannic

acid solution obtained in like manner from the middle portion be pre-

cipitated by tartar-emetic, with addition of a little carbonate of

ammonia, the precipitate washed with hot water and decomposed
under water with hydrosulphuric acid, and the excess of that acid

expelled by passing carbonic acid into the hot liquid, the filtrate, when
left to itself in vacuo, becomes turbid and deposits a brown substance.
The solution separated from this substance by filtration, and evaporated
in vacuo, leaves colourless amorphous tannic acid, which, when boiled

with hydrochloric acid, no longer yields ellagic acid.

Estimation of Tannic Acid in Astringents. 1. The aqueous extract is
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mixed with solution of gelatin, as long as a precipitate is thereby pro-
duced, the quantity of tannic acid which the same solution of gelatin
(or another of known strength) is capable of precipitating, having
been determined by a previous experiment. (Wheeler, Mem. Chem. Soc.

3, 319; Fehling, Pharm. Centr. 1853, 872; Dinr/l. 130, 53. G. Miiller,

Dhigl. 151, 69 ; Chem. Centr. 1859, 42.) Miiller mixes the gelatin-
solution with J pt. alum, to accelerate the clarification of the liquid.

To obviate the necessity of filtering, or waiting for the slow depo-

sition^
of the precipitate towards the end of the experiment, Wheeler

dips into the solution a glass tube loosely closed at the bottom with

sponge, and tries whether the gelatin-solution which enters the tube
still gives a cloud with solution of gelatin. 2. Stein mixes the

aqueous extract with a known volume of a standard solution of neutral
acetate of lead, dilutes the mixture to a given volume, and determines
the quantity of lead remaining in a measured portion of the filtrate.

(Schweiz. polyt. Zeitschr. 2, 169.) 3. Monier (Compt. rend. 46, 577;
Dingl. 148, 209) mixes the aqueous extract with solution of mineral

chameeleon, which rapidly decomposes tannic acid, the quantity of

tannic acid which this solution is capable of decomposing having been

previously determined. 4. Hammer (J. pr. Chem. 81, 159) determines
the specific gravity of the solution both before and after the removal
of the tannic acid, by addition of about a four-fold quantity of animal

skin, which has been softened in water, pressed between linen, then

washed, dried, and pulverised. See Table of the specific gravity of aqueous
tannic acid (p. 463). On the estimation of tannic acid, see also F. Miiller (AT. Br.

Arch. 38, 147), Lbwenthal (J. pr. Chem. 81, 150); Handtke (/. pr. Chem. 82, 345;
Pharm. Viert'elj. 10, 588; Zeitschrift fur analyt. Chemie, 1, 104); H. Sackur

(Ucber den Gerbprocess. Disnertat. Berlin, 1860).

Properties. Colourless, amorphous mass remaining,when its aqueous
solution is evaporated, in transparent, vitreous, shining, fissured, easily
friable lumps. Inodorous. Tastes strongly astringent, but not at all

bitter. Reddens litmus strongly. Does not soften between the

fingers. Acquires a yellow colour by exposure to light, even in closed

vessels. No optical rotatory power. (Kr.)

Berzelius. Pelouze. Liebig.
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Decompositions. 1. Tannic acid heated to 150 or 160, becomes
darker from incipient decomposition (Strecker) ;

at 215 it is resolved

into water, carbonic acid, and pyrogallic acid, which volatilise, and

metagallic acid, which remains. At 250, only metagallic is formed,

without pyrogallic acid. (Pelouze.) The decomposition begins at 180 ;

at 250, 6'5 p. c. acid water goes over, which holds the pyrogallic acid

in solution, while 53 59 p. c. metagallic acid remains. Pyrogallic acid

also sublimes, and the carbonic acid which escapes contains a small

quantity of a gas not absorbable by potash. (Mulder.) These decom-

positions are represented by the equations

C54H22O34 = 4C12FPO4 + 6CO2 + 6HO,
Metagallic

acid.

and C54H22 34 = 3C12H6O8 + C12H4O4 + 6CO2
.

Pyrogallic Metagallis
acid. acid.

The two decompositions may go on simultaneously. (Strecker.)

Metagallic acid (Mulder's melangallic, Gerhardt's gallulmic acid) which is like-

wise produced by rapidly heating gallic acid to a temperature between 240 and

250 (xii, 401) remains in the distillation vessel in which gallo-tannic is heated, as a

black, highly lustrous, tasteless mass, and exhibits the same composition whether

prepared from tannic or from gallic acid, or after solution in potash-ley and precipi-

tation with acids, containing, on the average, 66'15 p. c. C., 3'86 H., and 29'99 O.,

and answering, according to Pelouze, to the formula C12H4O4
(calc. 66'66 C., 370 H.,

and 29*64 O.). It is quite insoluble in water; dissolves easily and without residue in

aqueous ammonia, potash, and soda, also in glucina (?), and is precipitated by acids.

When aqueous potash is boiled to saturation with precipitated metagallic acid, the

solution is neutral to vegetable colours. The acid eliminates carbonic acid

from alkaline carbonates, but has no action on pure baryta or its carbonate.

The potash-salt forms black precipitates with metallic salts ; the silver-salt con-

tains 53*88 p. c. AgO ; 34'11 C., 1'47 H., and 10'54 O. (Pelouze). According
to Pelouze, metagallic acid, prepared by heating tannic or gallic acid, is apt to

retain pyrogallic or gallic acid. ^When freed from these acids by heating it as

long as it yields any sublimate, it "contains, on the average, 6675 p. c. C., 3'60 H.,

and 39'65 O. ; its silver-salt obtained by mixing the ammoniacal solution of the acid

with nitrate of silver, and precipitating with acetic acid, retains ammonia when dried

at 140, and has a silvery lustre. By digesting the excess of acid with potash-ley for

several hours, evaporating the filtrate, and drying at 130, the potash-salt is produced

containing 12'2 p. c. KO., 58'5 C., 2'4 H., and 267 O. From these results, Mulder

represents the acid and the potash-salt by the formulae C40H10O14 and C40H 10O 14,KO.

2. Tannic acid heated in a platinum spoon, decrepitates, undergoes
semifusion, swells up, carbonises, takes fire, and burns with a bright

flame, leaving an easily combustible cinder. (Berzelius). 3. Exposed
on a watch-glass to strongly ozonised air, it acquires a yellow or

yellow-brown colour, becomes glutinous and fluid, strongly acid, from

formation of oxalic acid, and if the action be continued long enough,

disappears completely, being converted into water and carbonic acid.

(Schoribein, J. pr. Chem. 81, 12). 4. Aqueous tannic acid, through
which ozonised air is passed, absorbs it quickly and completely, becomes
dark brown-red, then again lighter, and forms oxalic acid and a sub-

stance which reduces cupric oxide, these products being decomposed
by the further action of the ozone, so that the liquid ultimately leaves

but little residue when evaporated. (Gorup-Besancz, Ann. Pharm.

110, 106). When a very dilute aqueous solution of tannic acid is

exposed to the air, it becomes turbid, from separation of grey crystal-
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line gallic acid ; oxygen is absorbed at the same time, and an equal
volume of carbonic acid is produced. (Pelouze.) Aqueous tannic acid,

evaporated with aid of heat in open vessels, leaves a brown non- trans-
lucent mass, which, when treated with water, leaves a dark-brown
residue, a further quantity of which is obtained by repeated evaporation
and re-solution (Berzelius). This residue is the oxidised tannic acid
of the older chemists. Peroxide of hydrogen and oxygenated oil of

turpentine do not produce any perceptible alteration in tannic acid*

(Schonbein.)

5. Aqueous tannic acid dissolves finely divided iodine. (Debauque,
N. Br. Arch. 68, 191 ; Pharm. Viertelj. 1, 278). When 7 pts. tannic
acid are triturated with 1 pt. iodine and 300 pts. water, a turbid liquid is

produced, which does not give any indication of the presence of iodine
when tested with starch ; it deposits black-brown crystals free from
iodine, amounting to th of the tannic acid used, and resembling tannic
acid in their behaviour to gelatin-solution and alkaloids. The iodated
solution is red-brown, strongly acid ; does not colour the skin ; gives
a black precipitate with solution of gelatin, albumin and alkaloids. It

dissolves a quantity of iodine equal in weight to the tannic acid

employed. On mixing it with lime, tannic acid is precipitated, the
whole or nearly the whole of the iodine remaining in solution as iodide
of calcium. Sugar of lead added to the solution, throws down iodide,
and then tannate of lead. The solution does not yield either iodine or

hydriodic acid by distillation, and when evaporated, gives off only a
small quantity of iodine-vapour as the mass becomes dry ; neither can
iodine be detected by starch in the residue of the distillation. (Socquet
& Guillerrnond.) 6. Aqueous iodic acid eliminates from tannic acid,
even in the cold, carbonic acid mixed with a small quantity of carbonic
oxide. (Millon, Compt. rend. 19, 272.) lodate of potash produces a dark,
and on heating, a nearly black coloration ; alcohol does not produce any
precipitate in the mixture. (Simon, Jtepert. 65, 205.) 7. Bromine acts

violently on tannate of potash, and forms a brown resin. (Cahours,
N. Ann. Chlin. P!n/s. 19, 507.) 8. By small quantities of chlorine,

aqueous tannic acid is clouded, coloured brown, and altered as by
evaporation in contact with the air; a larger quantity of chlorine

decomposes it completely (Berzelius). Chlorate of potash scarcely
exerts any action upon it (Simon).

9. Oil of vitriol dissolves gallo-taimic acid with lemon-yellow or

brown-yellow colour, becomes purple-red, and gives off sulphurous
acid when moderately heated, and at a stronger heat, becomes pitch-
black and forms humic acid (Wackenroder). By boiling, or by con-
tinued digestion at a moderate heat with dilute sulphuric acid, tannic
acid is resolved into gallic acid (Liebig) and dextro-glucose (Strecker,
see page 344). Small quantities of ellagic acid and humous substances
are likewise formed, probably as secondary products. (Strecker.)
Acetic acid is not produced in this reaction (Liebig).

Liebig and Stas long ago supposed (Ann. Pharm. 30, 205) that a

carbo-hydrate is formed in this decomposition, in addition to gallic
acid. 100 pts. tannic acid yield 22 pts. glucose (Strecker), at most
87'4 pts. gallic acid (Wethcrili), as much as I).') pts. gallic acid, together
with other products of decomposition, the wei^-hl of all those products
taken together being' equal to that of the tannic acid employed (Knop).
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By the use of properly diluted sulphuric (or hydrochloric) acid, nearly
the whole of the tannic acid may be obtained in the form of gallic acid

(Stcnhouse). According to Strecker's equation, 100 pts. tannic acid

should yield 82*5 pts. gallic acid and 29-1 pts. glucose (see also the reaction

with hydrochloric acid).

The crystallisation of the gallic acid is comparatively rapid and

abundant, when gall-nut powder is moistened with dilute sulphuric
acid and exposed to sunshine, tufts of crystals then appearing on the

surface in a few hours, and additional quantities being obtained by
repeatedly moistening the powder with acid and then drying it. Pure
tannic acid thus treated likewise yields white crystals of gallic acid

(Horsley, J.pr. Chem. 72, 192).
Tannic acid boiled with an insufficient quantity of dilute sulphuric

(or hydrochloric) acid, forms a nut-brown humous substance, Sten-

house's melantannic acid, which is tasteless, reddens litmus, is insoluble

in cold, sparingly soluble in hot water, but dissolves in alcohol and in

alkalis ; the ammoniacal solution forms dark-coloured precipitates with
metallic salts (Stenhouse).

When tannic acid is boiled with aqueous hydrochloric acid out of

contact with the air, ellagic acid and sugar are almost always obtained,
their quantities however not bearing any definite proportion to one

another (Rochleder & Kawalier). When aqueous tannic acid was pre-

cipitated by hydrochloric acid to the amount of one-third, and the

solution decanted from the precipitate again precipitated in the same
manner to the amount of one-half, the solution decanted from this

last precipitate, and treated with hydrochloric acid, deposited the rest

of the gallic acid in pure white flocks. On dissolving these in water,
arid boiling with hydrochloric acid in an atmosphere of carbonic acid,

the liquid became yellowish at the boiling heat 'but not darker after

four hours, and deposited ellagic acid. The solution left to cool in the

atmosphere of carbonic acid, and separated after 24 hours from the

ellagic acid, then evaporated down to one-half in vacuo over oil of

vitriol and sticks of potash, solidified to crystals of gallic acid, and the

other half treated as described at page 340 of this volume, yielded

crystals of glucose. In this manner, tannic acid containing 50*69 p. c.

carbon, 3*74 hydrogen, and 35*57 oxygen, yielded 5*58 p. c. ellagic
acid and 9*49 p. c. sugar C 12H12 12

; but tannic acid with a different

amount of carbon, yielded other quantities of the two substances (see

page 456). Hence tannic acid, even when freed as completely as pos-
sible from admixed ellagic arid gallic acid, generally contains a com-

pound which yields ellagic acid, a second which yields gallic acid

(these two acids riot being formed one from the other), and perhaps
also sugar, or possibly a third from which the sugar is produced. It

is possible indeed, by the method given at page 456, to obtain a tan-

nic acid free from the compound which yields ellagic acid, but not to

free it from the second body which yields glucose in the decomposition,

although the quantity of sugar may be reduced as low as 4 per cent.

The greatest quantity of sugar obtained amounted to 9*49 p. c. of the

tannic acid. A tannic acid having the composition found by Strecker,

yielded 7*27 p. c. ellagic acid, and 4*96 p. c. sugar (Rochleder &
Kawalier). Hence Rochleder & Kawalier regard tannic acid as a

glucoside (see also the statements of Knop and Robiquet).

10. Xitric add docs not precipitate aqueous tannic acid, or with
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difficulty only, but colours it yellow, then red, and decomposes it quickly,
with formation of oxalic acid (Stenhouse). 11. When aqueous tan-
nic acid is mixed with aqueous osmic acid of the strength of 3 per cent.,
;ui inodorous, deep-blue liquid is formed, transparent only in thin films,
and leaving on evaporation a black-blue, amorphous, insoluble layer.
On dissolving this residue in aqueous osmic acid, osmic oxide is

separated, the reaction being accelerated by heat, and the red-brown
filtrate obtained after heating the liquid with ammonia, yields by
evaporation brown crystalline needles and a humous substance. The
needles contain oxalic acid and an acid very much like suberic acid

(Buttlerow, J. pr. Chem. 56, 207).

12. Tannic acid boiled with excess of weak potash-ley yields gallic
acid (Liebig, xii, 398). The solution separated from the gallic acid
does not contain acetic acid. By prolonged boiling, the gallic acid is re-

solved into carbonic and pyrogallic acids (Liebig). In contact with
the air it changes, as described at page 401, vol. xii. With cold potash-
ley in contact with the air, it forms tannoxylic acid (xii : 437, Biiclmer).
Aqueous tannic acid agitated with soda-ley and oxygen, becomes
transparent and brownish yellow when supersaturated with dilute

sulphuric acid, and yields peroxide of hydrogen to ether (Schonbein,
J.pr. Chem. 81, 12).

When tannic acid is treated with alkalis in a current of hydrogen,
gallic acid and a gum C 12jEaOn are produced (Rochleder & Kawalier,
Wien. Akad. Ber. 22, 558). 13. Tannic acid boiled with hydrate of
baryta, yields gallic acid and glucate of baryta (Rochleder & Kawalier).
Baryta- or lime-water in excess quickly colours tannic acid green, blue,
red and yellowish brown ; acids decolorise the solution (Wackenroder).

14. When tannic acid is boiled for several hours with an equal
weight of inonosulphite of soda or potash and 12 pts. of water, or when
the solution is evaporated till it froths up in viscid bladders, a quantity
of anhydrous gallic acid is obtained equal to 75 79 p. c., and 5 or 6 per
cent, of a second body, which contains an equal number of atoms of car-

bon, hydrogen and oxygen, but is not sugar (Knop). Knop likewise

found small quantities of ellagic acid, which perhaps was previously
contained in the tannic acid. On evaporating to complete dryness with

sulphite of soda, and redi&solving in the smallest possible quantity of

boiling water, ellagate of soda remains behind, together with a green fat

contained in the tannic acid ; after this has been removed by filtration, a

quantity of alcohol about equal to 8 or 10 times the weight of the tannic
acid used is to be added. By this means a red-brown syrup is precipitated,
while sulphite and gallate of ammonia remain dissolved and crystal-
lise from the decanted liquid. The red-brown syrup contains sulphite
of soda in combination with a dark brown substance, which acquires
a crimson colour with oil of vitriol, and forms a compound with oxalate
of soda, which crystallises in needles, but cannot be obtained of

constant composition. The syrup dissolves in water and in alcohol,
less easily in absolute alcohol, and not at all in ether (Knop, Ch^.m.

Centr. 1857, 370). 15. Taunic acid boiled with aqueous sulphite of
(i/itiiMHi/'ti yields crystalline gallamic acid (xii, 435) and an amorphous
substance which remains in the mother-liquor. When the latter is decom-

posed with bichloride of tin, ammonia (not hydrilamine, xii, 435) and Knop's former

parayallic acid are obtained, which latter Knop now regards as a mixture of gallic
arid with a carbohydrate and water C 11HSO 1

-,C
SHSO8,4HO.
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16. Chromic acid, heated with aqueous gallic acid, quickly decom-

poses it, with evolution of carbonic acid (Hiinefeld, J.pr. Chem. 16, 361).
Bichromate of potash produces a yellow-brown precipitate, which

quickly turns black (Wackenroder). 17. Peroxide ofmanganese, heated
with aqueous tannic acid, with or without sulphuric acid, decomposes
it, with evolution of carbonic acid and formation of brown extractive

matter. No gallic acid is produced in this reaction (Hiinefeld). By
permanganate of potash, aqueous tannic acid is rapidly oxidised, the

solution, if concentrated, giving off carbonic acid. In this reaction a

body of undetermined constitution is produced, besides carbonic acid

and water (Monier). One milligramme of tannic acid dissolved in a
litre of water, is sufficient to decolorise the acid solution of the per-

manganate (Monier). When permanganate of potash is added to a

strongly acid solution of tannic acid, the colour of the permanganate
disappears quickly at first (the liquid becoming yellow and then

colourless), more slowly if a portion of the tannic acid has been de-

composed, so that the instant at which the last portion of the tannic

acid disappears cannot be recognised with certainty. 100 pts. tannic

acid take up about 60 pts. oxygen from the permanganate (Mohr,
Titrirmethode, 2 Aufl. Braunsch. 527).

18. Tannic acid reduces ferric solutions partially at common
temperatures, completely at the boiling heat, to ferrous solutions.

(Wackenroder, vid. inf.) 19. From cupric salts, it reduces cuprous
oxide ; from mercuric chloride, mercurous chloride

;
from solutions of

mercurous or mercuric oxide, it gradually throws down metallic mercury.
(Wackenroder.) Carbonate of silver is reduced by tannic acid, even in

the cold. (Schiff, Ann. Pharm. 109, 65.)

20. Aqueous tannic acid which remains unaltered when not exposed
to the air, decomposes, with evolution of carbonic acid and formation of

gallic acid, if it remains in contact with the nitrogenous constituents of

the gall-nuts, therefore, in infusion of galls, and more quickly in gall-nuts
moistened wTith water. (Robiquet, Pelouze.) Ellagic acid is formed at

the same time. (Erdmann, Mulder.) The formation of mould, which

commonly takes place, has no influence on the transformation. (Winck-
ler, Repert. 53, 401.) The decomposition takes place even in closed

vessels (Nesenbeck, N. Br.Arch. 31, 129), and more quickly in propor-
tion as the solution of tannic acid is more dilute. (Robiquet.) The
transformation is to be regarded as a fermentation process, inasmuch as
it is stopped or retarded by antiseptic substances, as alcohol, wood-

vinegar, creosote, mercuric oxide, and corrosive sublimate; moreover

gall-nuts freed from tannic acid by ether, excite vinous fermentation in

solution of sugar. (Larocque.) The pectase of the gall-nuts is the
ferment which excites the gallic acid fermentation, and the simultaneous
conversion of the pectose into pectin. The pectase of gall-nuts is also

capable of converting the pectin of fruits into pectic acid ; and pectase
from turnips can excite the gallic acid fermentation. Tannic acid pre-

pared with ether, but not purified, still contains sufficient pectase to

give rise to decomposition when dissolved in water. Emulsin, yeast,
vegetable, or animal albumin, and legumin, retard, rather than pro-
mote, the gallic acid fermentation. (Robiquet.) In the preparation
of gallic acid by method 5, page 399, vol. xii, Braconnot observed the
formation of alcohol. Tannate of quinine, which is insoluble in water,
is converted by continued digestion with water into soluble gallate of

quinine. (Lintncr, N. Repert. 1, 411; Pharm. Centr. 1853, 218.)
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Tannic acid
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Carbonate of ammonia added to aqueous tannic acid throws down
a white precipitate, which changes to a white powder in vacuo.

(Berzelius.) An excess of carbonate of ammonia causes the white

precipitate produced at first to disappear immediately, and the liquid,
after standing for some time, acquires a red-brown colour, and

deposits light white flocks. (Biichrier.) Ammonia-gas passed to
saturation into a solution of tannic acid in absolute alcohol, throws
down white flocks, or if the solution is very strong, a white resin, which
becomes friable when repeatedly treated with absolute alcohol. This

substance, dried between filtering paper and then over oil of vitriol, forms
a resin having a faint brown tint, and very soluble in water. (Biichner.)

a.

108 C



GALLO-TANNIC OR TANNIC ACID. 465

Tannate of Soda ? When aqueous tannic acid, neutralised as nearly
as possible with soda-Icy, is left to evaporate freely, there remains a

greenish grey-yellow semi-crystalline mass, with distinct yellow cry-
stalline laminae on its edges. A small quantity of cold water dissolves

a portion of this substance, leaving a salt similar to the potash-salt ,

which, if dissolved in boiling water, separates as a neutral white

powder on cooling. The crystalline salt, which dissolves in cold water,
is insoluble in alcohol, and melts therein when heated. It has a slight
alkaline reaction, and does not precipitate a solution of gelatin, even
after addition of acid. (Berzelius.) A concentrated aqueous solution

of tannic acid behaves with caustic soda or its carbonate in the same
manner as with potash. When mixed with excess of carbonate of

soda, it forms a yellowish solution, which turns green in contact with
the air, and deposits a small quantity of yellow-green crystalline pre-

cipitate. (Biichner.)

With 5 at. Base to 2 at. Acid. Precipitated by alcoholic soda-ley
from a cooled moderately dilute alcoholic solution of tannic acid.

From warm or too concentrated solutions, a resin is precipitated. The precipitate,
when dried over the water-bath, forms a faintly yellow, earthy, friable

mass. With a small quantity of water, it coagulates to a gummy
mass, and with a much larger quantity it forms a clear brown solution,
which becomes milky as it cools. The concentrated aqueous solution

evaporated over oil of vitriol leaves a brown film and laminae.

(Biichner.)
BUchner.

at 100. mean.

108 C 648 46-59 46'57

44 H 44 3'16 3'26

68 O 544 39-11 39'60

5 NaO 165 11-14 10'57

2C54H22O34,5NaO .... 1391 100-00 lOO'OO

So according to Strecker; Biichner gave the formula 5C 18H 8O12,4NaO-HO.

Tannate of Baryta. a. Baryta-water added to aqueous tannic acid,

throws down a basic salt. (Berzelius.) The precipitate dissolves in

aqueous tannic acid, not in excess of baryta-water ; it turns green
when left to stand, or when washed in contact with the air ; also if it

has been precipitated with baryta-water, not in excess.

1). If carbonate of baryta be added to aqueous tannic acid as

long as effervescence takes place, the liquid then filtered, and the

filtrate concentrated, only small quantities of flocks separate on

cooling ; but alcohol added to the brown solution, throws down a

white light powder, which, after washing with alcohol, turns brown on

drying.
c. From warm aqueous solutions of alkaline tannates, chloride of

barium throws down a white precipitate, sparingly soluble in cold

water, more soluble in boiling water. (Berzelius.) The light floccu-

lent precipitate assumes a very faint reddish colour when washed, and,
after drying at 100, contains 39'7 p. c. C., 2'8 H., 36*8 0., and 2O7
BaO. (Biichner.) Buchner gives the formula 4C 18H8 12

,3BaO : Strecker

regards the salt as a mixture of terbasic (C^H^O
34

, 3BaO), and bibasic

salt (C*H0* 2BaO.).
Strontia reacts with tanuic acid like baryta. (Berzelius.)

VOL. XV. 2 H



466 GLUCOSIDES WITH 14 AT. CARBON IN THE COPULA.

Tannate of Lime. Milk of lime, added in excess to aqueous tannic

acid, precipitates it completely as insoluble basic salt. (Berzelius.)
Chloride of calcium solution does not precipitate aqueous tarmic acid

(Wackenroder), but from the acid nearly neutralised with ammonia, it

throws down the neutral salt, which redissolves during washing.
(Berzelius.) The precipitate quickly turns bluish-green, then brown ;

the white precipitate thrown down from fixed alkaline tannates is

almost wholly soluble in water, and dissolves readily in acetic acid.

(Wackenroder.)

Tannate of Magnesia. Hydrate of magnesia and magnesia alba are

coloured yellow by aqueous tannic acid, and throw down nearly all the

tannic acid forming a basic compound. (Berzelius, Fr. Miiller.)

Tannate of Alumina. Hydrate of alumina, shaken up with aqueous
tannic acid quickly unites with it, forming an insoluble compound
(Pelouze) which dissolves in excess of tannic acid. (Berzelius.)
Glucina and yttria react like alumina.

Tannate of Titanic oxide. From hydrochlorate of titanic oxide,

neutralised as nearly as possible with ammonia, aqueous tannic acid

throws down yellow-red flocks. (Pfaff.) From acid solutions of

titanic acid, infusion of galls throws down at first a brownish precipi-

tate, quickly changing to pale orange-red. (Rose.)

,

Infusion of galls colours hydrate of tantalic acid orange-yellow, arid

precipitates the tantalic acid with the same colour from its acid and
alkaline solutions. The light yellow precipitate dissolves in alkalis.

(Rose). The infusion does not alter alkaline tungstates, but acids

added to the mixture, throw down a thick, chocolate-coloured pre-

cipitate. Tannic acid colours alkaline molybdates deep blood-red, and
on addition of hydrochloric acid, a blood-red precipitate is formed, which
dissolves in a large quantity of water. (Rose.)

With salts of vanadic oxide, aqueous tannic acid forms a bluish-inky

mixture, which, when left to stand quietly, deposits a black precipitate.
With alkaline vanadates, infusion of galls first gives a green, then

an inky-black colouring : the mixture diluted with a large quantity of

water, forms a clear dark-blue liquid, which gradually turns green in

contact with the air. The concentrated mixture may be used as an

ink, but changes in contact with the air, the black-blue colour passing
into green. The writing is durable, and withstands the action of

hydrochloric acid, of chlorine, or of alkalis, but is destroyed by successive

treatment with chlorine and alkalis (or by nitric acid : Kr.) (Berzelius).

Chromic hydrate forms with aqueous tannic acid an insoluble com-

pound, which is likewise precipitated on mixing chromic salts with
tannic acid. (Berzelius.) Infusion of galls does not precipitate chromic

salts. (Rose.) Uranic oxide behaves with tannic acid like chromic

oxide. (Berzelius.) Infusion of galls throws down a red-brown

precipitate from neutral urariic salts. (Rose.) The infusion does not

decompose either arsenites or arsenates. (Rose.)

Tannate of Antimony. Aqueous tannic acid throws down from
tartar-emetic a thick white precipitate, which during washing, partly
dissolves in the water and is partly carried through the filter, rendering
the liquid milky. The white gelatinous, very sparingly soluble
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precipitate consists of 3C 18Il8 12
,Sb0

3

(Pelouze), or, according to

Strecker's formula for tannic acid, of C 54H22 34
,Sb0

3
,2HO. On the be-

haviour of tannic acid with tartar-emetic, see Berzelius (Lehrb. 3 Aufl. 6, 229).

Tellurium-salts are precipitated yellow by infusion of galls.

Tannate of Bismuth. Bismuth salts form a yellow precipitate with

infusion of galls. 44 pts. of crystallised nitrate of bismuth are

decomposed by a slight excess of carbonate of soda, and the washed

precipitate is mixed with 20 pts. tannic acid. The compound contains

53 p. c. bismuth-oxide and 47 p. c. tannic acid. (Cap, Pharrn. Viertelj.

8, 589.)

Tannate of Zinc White precipitate thrown down from zinc-salts

by alkaline-salts. (Wackenroder.) Helm (N. Br. Arch. 106, 26;
Pharm. Viertelj. 11, 99) mixes the solution of 6 oz. sulphate of

zinc in 4 Ibs. water, with ammonia not in excess, as long as a pre-

cipitate is thereby produced ; this precipitate is collected, washed, and
stirred up with 3J oz. tannic acid and water ; and the mixture is

heated to boiling, drained and dried. Yellowish white powder,
insoluble in water.

Tannate of Cadmium. Hot aqueous tannic acid throws down from
cadmium-salts a white precipitate, which assumes a yellow-green
colour when dry, becomes anhydrous at 100, and contains 21*4 p. c.

CdO. Insoluble in water and in alcohol. (Schiff.)

Stannous Tannate. Stannous hydrate takes up tannic acid from
its aqueous solution ; stannous salts are precipitated by tannic acid.

(Berzelius.) The white flocks precipitated from aqueous tannic acid,

dissolve readily in excess of protochloride of tin ; those precipitated
from tannate of soda are but very slightly soluble. (Wackenroder.)
Stannic hydrate decolorises infusion of galls when digested with it, and

appears to take up all the tannic acid. (Proust, Davy.) Infusion of

galls precipitates hydrochlorate of stannic oxide. (Wuttig.)

Tannate of Lead. Tannic acid heated with excess of lead-oxide

to 120 - - 140, gives off from 4*1 to 4-4 p. c. water (3 at. = 4-4 p. c.)

(Strecker). Part of the tannic acid is apt not to enter into combination
with the lead oxide, and may be dissolved out of the dried mass by
water, another portion is altered by contact with the air. (Strecker.)
Mulder obtained in three experiments, from 2 '3 to 3*0 p. c. loss of

water ; in one experiment, 4, and in another, 5 '7 per cent. Hydrate
of lead abstracts tannic acid from its aqueous solution (Berzelius).
Concentrated aqueous tannic acid dissolves rather large quantities of

hydrate of lead, which are for the most part precipitated on addition
of water. (Hitter.)

By precipitating aqueous tannic acid with neutral acetate of lead,
salts may be formed containing quantities of lead-oxide, varying from
34' 12 to 64 p. c. ; among them are three definite lead-salts, the rest

being mixtures of these with each other. (Strecker.) Mulder obtained,
under different circumstances, 5 salts which, at 120, contained

-J, 2, 3, 4,
and 5 at. lead-oxide to 1 at. tannic acid (C

28IP017
according to Mulder).

By precipitating tannic acid or tannate of potash with basic acetate of

lead, a basic salt is obtained, which becomes yellow-green during
washing. (Berzelius.) All the lead-salts are yellow when recently
precipitated, excepting the neutral (terbasic) salt. Their organic sub-
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stance exhibits at 120, the composition expressed by the formula
MH19 31

; it does not give off any water, when further exposed to

heat, but the salts decompose at 150. They are difficult to wash, and

during washing-, absorb oxygen from the air, assuming a darker colour

from the surface inwards. (Strecker.)

a. With 9 or Wat. Lead-oxide. When aqueous tannic acid is

poured into a boiling aqueous solution of neutral acetate of lead, so

that this salt remains in excess, the nitrate further precipitated by
tannic acid, and the mixture boiled for a quarter of an hour in con-

tact with a large quantity of free acetic acid, a yellowish powder is

obtained,which at 100 becomeswhitish grey, and contains 20-24 p. c. C.,

1-11 H., and 63'0 to 64-09 p. c. PbO. (Liebig, Ann. Pharm. 26, 128).

This, according to Strecker, is the salt C 54H19Pb3 34
,
6PbO (calc. 20-25

p. c. C., 1-19 H., 13-50 O., and 63-06 PbO). The precipitate thrown down
from excess of boiling sugar of lead by dilute,1

aqueous tannic acid, when
collected after a few minutes' boiling, and dried in vacuo, gave off at

120, 1-54 p. c. water (3 at. water 1-5 p. c.) and then contained

64-7 p. c. lead-oxide, corresponding to the formula C54H19Pb3 34
,7PbO.

When dried it slowly absorbs carbonic acid from the air. (Strecker.)

54 C
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dilute solution of neutral acetate of lead to aqueous tannic acid, either
in the cold, or between 40 and 50, in such quantity, that part of the
tannic acid may remain in solution. After drying in vacuo, it gives
off 2-8 p. c. water at 120 (3 at. = 2-83 p. c.) (Strccker.)

at 120. Strecker.
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to ferric sulphate, as long as a precipitate is formed, the precipitate yields
15'4 p. c. Fe2 3

. The black-green filtrate contains ferrous oxide, the

quantity of which increases on boiling, but it is only when more
tannic acid is added that the whole of the sesquioxide of iron is

reduced to protoxide. (Wittstein.)
c. When 1 at. ferric acetate is added to 1 at. aqueous tannic acid

(C
54

),
the resulting black-blue precipitate, after being washed with cold

water and dried at 100, contains 18*75 p. c. ferric oxide, together with
a small quantity of free tannic acid, and after this has been dissolved
out by ether, 100 pts. of the precipitate yield 20*15 p. c. ferric oxide.

The precipitate likewise contains a small quantity of ferrous oxide.

The filtrate from c leaves, on evaporation, a dark-blue, resinous, very
astringent residue, which dissolves completely with dark-blue colour

in water and alcohol. This residue treated with ether, yields tannic

acid, whereby it loses almost entirely its solubility in water and in

alcohol, becomes nearly black, and when dried at 100, contains

13*4 p. c. ferric oxide. (Wittstein.)
d. When aqueous tannic acid is dropped into a very dilute solution

of ferric acetate as long as it produces any precipitate, the liquid loses

its yellow-red colour, and becomes colourless, the precipitate is rather

brown than blue, black after drying, and yields, when dried at 100,
quantities of ferric oxide, varying from 42 -85 to 56*25 p. c., part of

it being, however, present as ferrous oxide. A colourless filtrate is

likewise obtained, when, on the other hand, ferric acetate is added
to tannic acid, as long as any precipitate is formed. The precipitate

yields 25 p. c. Fe2 3
, T^ of which is present as protoxide. (Wittstein.)

On ferric tannate, see further Winckler (Repert. 95, 77) ;
Collonrib (Rev. sclent.

16, 477); Wackenroder (N. Br. Arch. 27, 269); Geiseler (N. Br. Arch. 89, 165).

Cobalt-salts are precipitated yellowish white by infusion of galls ;

nickel-salts greenish-white.

Cupric Tannate. Cupric hydrate abstracts tannic acid from its

aqueous solution. (Berzelius.) The salt is obtained by double decom-

position in grey-brown flocks, which are reddish-white or brownish-

grey, according as the tannic acid or the copper-salt is in excess. It

is dissolved by potash, with separation of cuprous oxide ; completely
by ammonia, only when the tannic acid is in excess ; the latter solution

is not altered by hydrosulphuric acid. (Wackenroder.)

Mercurous Tannate. Mercurous oxide abstracts tannic acid from its

aqueous solution; mercurous salts are precipitated by tannic acid

(Berzelius). From mercurous nitrate, tannate of potash precipitates
a powder which is nearly white at first (yellow, soon turning green, accord-

ing to Wackenroder), which darkens on standing, appears yellow-green
when dry, and contains 44*96 p. c. Hg20. It is not soluble either in

hot or in cold water, even after addition of tannic acid. Aqueous
ammonia converts it into black ammonio-mercurous tannate containing
76*78 p. c. Hg20. (Harff.)

Mercuric Tannate. Tannic acid is precipitated from its aqueous
solution by mercuric oxide. It precipitates mercuric salts, excepting
the chloride (Berzelius). From mercuric nitrate it throws down a

thick, brick-red precipitate, which is insoluble in excess of the pre-



GALLO-TANNIC OR TANNIC ACID. 471

cipitant, and on standing- acquires a dirty yellow colour, and is found
to contain mercurous oxide (Wackehroder). The precipitate thrown
down from mercurous nitrate by tannate of potash is light yellow at

first, but becomes darker after a while, yellow-brown on drying, and
contains 32'13 p. c. HgO. Caustic ammonia poured upon it converts
it into dark brown, nearly tasteless ammonio-mercuric tannate, con-

taining 64-64 p. c. HgO. (Harff, N. Br. Arch. 5, 294.)
Oxide and nitrate of silver form black-brown precipitates with

aqueous tannic acid (Berzelius, Fr. Miiller). From bichloride of
platinum, infusion of galls throws down pale yellow flocks (Pfaff).

Tannic acid dissolves in hydrated, more abundantly than in absolute

alcohol (Pelouze). According to Pelouze, Bolley and Luboldt, it dis-

solves but sparingly in anhydrous ether, and, according to Strecker and

others, remains perfectly pulverulent when covered with it, while,

according to Mohr, it dissolves in considerable quantity. With ether

contditiincj water, it forms, after some seconds, a very heavy liquid, like

that which separates in the preparation of tannic acid, as described at

page 453 of this volume. Of the two layers thus formed, the lower
consists of tannic acid, which has taken up the water of the ether, and

only a very small quantity of ether, while the upper layer contains

ether, a small quantity of tannic acid, and the foreign substances taken

up with it (Pelouze). When tannic acid dried at 110, is covered with

anhydrous ether, the solution standing above the excess of pulverised
tannic acid, after being agitated for a considerable time, contains in

solution only 0*206 p. c. at 5, and 0*384 p. c. at ordinary tempera-
tures. On adding to the ether half a volume per cent, of water, the
tannic acid, which has hitherto been greyish-yellow and pulverulent,

deliquesces to brownish lumps, and on addition of a few drops more
water, to a syrup. After addition of 1 volume per cent, of water, the

supernatant ether contains 1*2 p. c. tannic acid in solution. On con-

tinuously dropping water into the mixture and agitating, three layers
are formed, the lowest of which is syrupy, and contains 0*297 grm.
tannic acid in a cubic centimetre. The middle layer is somewhat

lighter than the lowest, and contains in a cubic centimetre 0*082 grm.
tannic acid dissolved in a large quantity of water and a small quantity
of ether. The syrupy layer contains both ether and water, and is

perhaps a tannate of ether and water, analogous to sulphovinic acid

(Bolley, Chem. Soc. Q. J. 13, 295 ; Ann. Pharm. 115. 63).
Tannic acid (crude) dried at 150 remains pulverulent when covered

with 10 pts. of anhydrous ether, while the supernatant ether takes up
2 or 3 p. c. of solid constituents, chiefly the foreign substances mixed
with the tannic acid. Water, either present in the tannic acid or the

ether, or subsequently added, is greedily absorbed by the tannic acid, and
causes it to deliquesce to a viscid mass or a syrup, which does not
mix with the excess of ether. When a solution of 100 pts. tannic

acid in 100 pts. water is mixed with 150 pts. ether, the liquid, if

agitated and left at rest at a temperature of 18, separates into three

layers, the lowest of which has a sp. gr. of 1*07, takes up half the total

space, and contains 40*5 p. c. tannic acid, 42-2 ether, and 17*3 water.

The middle layer, which has a density of 1*02, contains 14*15 p. c. tan-

nic acid, 10*09 ether, and 75*76 water; the uppermost, of density
0*752, is chiefly ether, containing in solution small quantities of foreign
matters and water. Also, when 20 grms. tannic acid, 39 grms. ether
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and 20 grins, water are shaken up together and then left at rest, three

layers are formed, the lowest of which increases by continual agitation
at 14*5, at the expense of the upper, till it occupies 36'5 and the

upper 17 '5 pts. of the entire space, the middle layer, which remains

unaltered, occupying 20 pte. The bottom layer, when removed with
the pipette, is found to be soluble in 4-5 to 5 '5 pts. of water, more

abundantly in lukewarm than in cold water. But if water be added to

the mixture as it stands, divided into three layers, a quantity equal to

11 times the volume of the bottom layer will be required to dissolve

it (the top layer at the same time diminishing to f) because the water
dissolves the bottom layer only so far as it can take up ether. Water
saturated with ether dissolves only % of the bottom layer. The bottom

layer is therefore hydrated tannic acid containing ether in solution ;

the middle layer is water containing ether and tannic acid ; and the

top layer is ether which has taken up water, tannic acid, and the foreign
constituents (Luboldt, J. pr. Chem, 77, 357). According to Mohr, on
the contrary (Ann. Pharm, 61, 352), the lowest of the three layers
contains tannic acid dissolved in water ; the middle layer, tannic acid

dissolved in ether. This statement, and another made by Mohr, to the

effect that tannic acid deliquesces to a syrup in anhydrous ether, and
that by addition of more tannic acid, the ether may be completely con-

verted into this syrup, are not reconcilable with the experiments
above described. (See also Guibourt & Robiquet loc. cit. ; Sandrock, N. Sr. Arch.

72, 265.)

The viscid syrup which separates at the bottom of the mixture of

tannic acid, water, and ether, unites with the supernatant ether on
addition of alcohol to a thin filterable liquid (Mohr).

Tannic acid dissolves in acetone, with evolution of heat, the solution

drying up to a jelly and leaving a powder which has the aspect of

tannic acid (Knop).

Tannic Acid with Acetone and Ammonia. Tannic acid is dissolved in

4 or 5 pts. acetone, the solution is heated to the boiling point, and

aqueous ammonia is added, with agitation, till the liquid smells strongly
of it. Two layers are then formed, the lower of which is to be

repeatedly stirred up with absolute alcohol (whereupon it becomes

pasty, and ultimately solid and friable), collected on a filter, pressed,
and placed over oil of vitriol, before it can take up water from the air.

The mass, which becomes brittle in 24 hours, is triturated and dried for

a month over chloride of calcium. White or brownish powder having
the taste and the other characters of tannic acid. Soluble in water,
not in absolute alcohol. Contains from 49*2 to 50*15 p. c. carbon,
4*7 to 5*5 hydrogen, and 2'8 to 3'5 nitrogen, whence Knop calculates

the formula C42H25N026 = 2C 18H8 12 + C 6II6 2 4 NH3
(Knop, Chem,

Centr. I860, 278; abstr. Eep. Chim. pure, 2, 372). Till the presence of

acetone in this compound has been actually demonstrated, we may be allowed to regard
it as tannate of ammonia (p. 463). Kr.

Tannic acid does not unite with urea. (Hlasiwetz Wien. Akad.
Ber. 20, 208). It does not dissolve in picamar (p. 162) even at the

boiling heat (Reichenbach, Schw. 68 , 355). It dissolves in 6 pts.

glycerin (Cap & G-arot, N. J. Pharm. 26, 81 ; Pharm. Viertelj. 4, 271);
in bitter-almond oil in almost all proportions, the solution, which turns

brown in contact with the air, slowly depositing crystals of benzoic
acid (Knop). It dissolves in other oils, both fixed and volatile.
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Tannic acid precipitates the alkaloids from their saline solutions

(see vii, 185). It precipitates starch-solution and albumin. From
solution of gelatin, it throws down a white precipitate, which dissohvs
in excess of the gelatin, especially when heated ;

if obtained with
excess of tannic acid, it presents the aspect of a grey, highly elastic,
not perfectly soluble skin. Addition of a large quantity of common
salt makes the taimatc of gelatin quite (Wackenroder) or nearly
insoluble (Fr. Miiller). Tannic acid unites with animal skin [but not
in atomic proportion (Knop, Dingl. 149, 305 and 378)], forming tanned
leather.

Appendix to Gallo-tannic Acid.

A. Morintannic Acid and Morin.

Morintannic Acid.

It. \\~AGNER (1850). J. pr. Chem. 51, 82 ; abstr. Pharm. Centr. 1851,
33 ; Ann. Pharm. 76, 349. J. pr. Chem. 52, 449 ; abstr. Ann.
Phana. 80, 315 ; Pharm. Centr. 1851, 385 and 406 ; N. J. Pharm.

22, 66; Compt. chim. 1851, 104.

Different from the Moringic acid of Walter (Compt. rend. 22, 1143). According
to Delffs (N. J. Pharm. 14, 166; Kopp's Jahresber. 1860, 278), morintannic acid is

a mixture of a yellow uncrystallisable tannin with morin, and may be converted into

colourless moriu by recrystallisalion from water.

Occurrence. In the yellow wood of Mactura tinctoria (Handb. viii,

Zoochem. 76.) The deposit in the middle of the blocks consists chiefly
of this acid.

Formation. Rufimoric acid is converted into mormtannic acid by
boiling with aqueous alkalis.

Preparation. The block is split lengthwise, and the dirty yellow,
here and there flesh-coloured lumps, having a red-brown crystalline

fracture, which are deposited in the middle of it, are separated with a

chisel. They are purified by repeated crystallisation from boiling

water, and then dissolved in a larger quantity of boiling water acidu-

lated with hydrochloric acid. The solution, which becomes turbid on

cooling, in consequence of the separation of a reddish resin, is repeat-

edly filtered till it remains clear, then left to itself, the acid slowly

separating in the form of a light yellow crystalline powder.

Properties. Light yellow powder consisting of microscopic, pale

yellow, transparent needles. Has a sweetish astringent taste, like the

inner bark of the walnut. Reddens litmus.
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Isomeric with morin. Gerhardt (Traitg, 3, 8R9) regards the formulae C28H12O 16

and C^H^O 30 as likewise possible. Hlasiwetz (Ann. Pharm. 107, 247) suggests the

formula C 14H 6O8
, regarding morintannic acid as probably homologous with lecanoric

acid (xii, 577) and evernic acid. Hlasiwetz's formula would explain the resolution of

morintannic acid into carbonic acid and pyrocatechin, C14H fiO8= 2C02 + C 12H6 4
.

Respecting the formula of morintannic acid, see also Laurent (Compt. rend. 35, 161)
and Wagner's reply (J. pr. Chem. 57, 441), also Strecker (Ann. Pharm. 90, 372).

Decompositions. 1. The acid dried at 100, melts in the metal-bath
at 200, gives off at 250, a strongly acid water, and is converted
into a brown-black liquid, which decomposes completely between
270 and 300, evolving a large quantity of carbonic acid, and yielding
a brown distillate, consisting of carbolic acid and pyrocatechin

(xi, 379) the latter solidifying in the crystalline form on cooling.
Wagner at first doubted the identity of the crystals with pyrocatechin, but Eissfeldt

(Ann. Pharm. 92, 106) confirmed it. Morintannic acid distilled with excess of lime

yields a liquid soluble in water, and containing pyrocatechin. 2. When aqueOUS
morintannic acid is left for three months in a closed vessel exposed to

the sun, the smell and taste of carbolic acid are developed, and the liquid

yields that acid when distilled. 3. Morintannic acid triturated with
oil of vitriol forms a brown-yellow solution, which after standing for

some time, deposits brick-red rufitannic acid, and when heated, gives
off sulphurous acid with a strong odour of carbolic acid. No sugar is

formed in this reaction, or only a trace after very long boiling with

dilute sulphuric acid. (Wagner, J. pr. Chem. 57, 442, and 61, 504.)
4. Chlorine passed into aqueous morintannic acid forms a brown resin.

5. Morintannic acid, boiled for some time with strong hydrochloric

acid, emits the odour of carbolic acid, and decomposes completely, with

separation of mould. On boiling it with dilute hydrochloric acid, a red

solution is formed, which, after a few days, deposits rufimoric acid.

6. With boiling dilute nitric acid, it forms a brown resin soluble in hot

alcohol, together with oxalic acid. The red-brown solution in strong
nitric acid yields, on evaporation, pale yellow plates of styphnic acid

(xi, 228). 7. The dark yellow solution of morintannic acid in caustic or

carbonated alkalis soon turns brown, and afterwards brown-black when
exposed to the air. 8. The acid detonates violently when triturated

with chlorate of potash. 9. When triturated with peroxide of manga-
nese and sulphuric acid, it rapidly gives off carbonic acid, and is com-

pletely decomposed, with production of formic acid. 10. When
aqueous morintannic acid is boiled with peroxide of lead, the latter

assumes a reddish yellow colour, the liquid becomes decolorised, and
retains only a trace of lead in solution, and the resulting insoluble lead-

salt, decomposed by hydrosulphuric acid, yields a humous acid. The acid

triturated with dry peroxide of lead, takes fire, emits sparks, and gives
off a pungent odour. 11. It is completely destroyed by chromic acid,

giving off the odour of carbolic acid, and forms a red-brown precipi-
tate when heated with aqueous bichromate of potash. 12. Heated
with aqueous cupric acetate, it deposits cuprous oxide; it reduces

mercuric chloride to mercurous oxide, after heating with potash ;

carbonate of silver even in the cold ;
nitrate of silver, after boiling with

ammonia ; terchloride of gold in the cold. 13. Boiled with ferrocyanide

of potassium, it eliminates prussic acid, and deposits yellow-brown
flocks. When boiled for some time with ferticyanide of potassium,
it gives off a large quantity of prussic acid, and separates prussian
blue.
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Combinations. Morintannic acid dissolves in 6*4 pts. water at 20, and
in 2-14 pts. boiling" water, forming a yellow solution. The aqueous acid

is not altered by phosphoric, sulphuric, hydrochloric, or arsenic acid, being*

thereby distinguished from gallotannic acid. The solution of the acid

in boiling water, mixed with boracic acid, yields, on cooling, a jelly made
up of extremely fine laminae.

Morintannic expels carbonic acid from alkaline and earthy carbonates

at the boiling heat, but not in the cold ; also prussic acid from cyanide

of potassium. It dissolves with deep yellow colour in caustic alkalis

and alkaline carbonates.

Morintannate of Lime. Aqueous morintannic acid is boiled with
carbonate of lime, as long as carbonic acid continues to escape ; the

liquid is filtered at the boiling heat; the yellow-brown flocks which

separate after some hours, are collected on a filter and dissolved in

alcohol ; and the filtered solution is precipitated by pouring it into ten
times its volume of water. The yellow microscopic crystals which
then fall to the bottom, contain, after pressing arid drying at 100,
7-7 p. c. lime, and after one recrystallisation, 7'18 p. c. (CaO,2G

18H6 8

+ HO = 7*12 p. c. CaO.) This salt exactly resembles the lime-com-

pound of morin (p. 479) in appearance, and in its behaviour when
heated and towards solvents, but it is precipitated blackish green by
aqueous ferric chloride, whereas the lime-compound of morin is reddened

thereby.
Morintannic acid precipitates tartar-emetic yellow-brown ; protochlo-

rlde of tin reddish yellow.

Morintannate of Lead. a. Bibasic ? When a boiling aqueous solu-

tion of morintannic acid is precipitated by basic acetate of lead, the

chrome-yellow, non-crystalline precipitate contains, after washing and

drying, from 56'9 to 57'5 p. c. lead-oxide (2PbO,C
18IP05 = 55'5 p. c.

PbO.)

b. 4 at. Base to 3 at. Acid? 1. The aqueous acid is precipitated

by neutral acetate of lead ; the chrome-yellow precipitate is dissolved

in boiling water ; and the lemon-yellow crystalline powder which pre-

cipitates on cooling, is collected. The filtered mother-liquor, when
left to stand for some time, deposits flocks of variable composition,
which constitute the sole product, if the boiling has been too long
continued. 2. When hydrate of lead is boiled with the aqueous
acid, and filtered hot, crystals are likewise obtained, and the mother-

liquor turns brown from partial decomposition. The salt is likewise

coloured dark-brown by dilute nitric acid.

at 100. Wagner.
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Aqueous morintannic acid forms a green-black precipitate with

ferrous sulphate, soluble with yellow-brown colour in acetic acid. From
excess of ferric hydrochlorate it throws down a black-green precipitate,

which, after washing and drying at 100, contains 13 '2 p. c. ferric

oxide (Fe
2O3,3C

18H 3Q7 = 13'8 p. c. Fe2O3
), It forms a yellow-brown precipi-

tate, with protochloride of tin, arid throws down yellow flocks after a
while from the bichloride.

It dissolves easily in ivood-spirit, alcohol, and ether. The concen-
trated ethereal solution is greenish by reflected, yellow-brown by trans-

mitted light. It is insoluble in rock-oil, oil of turpentine &i\djixed oils.

It is completely precipitated by solution of gelatin (Wagner).

Kufimoric Acid.

CUH7 8
?

WAGNER. J. pr. Chem. 52, 462.

Formation. When morintannic acid is dissolved in oil of vitriol or

boiled with hydrochloric acid. The reaction is not attended with the

evolution of any gas except traces of sulphurous acid.

Proportion. 1. Pulverised morintannic acid is triturated with oil of

vitriol ; the brick-red mass which separates after standing for some
time is collected, washed with cold water till the water scarcely red-

dens litmus, then dissolved in the smallest possible quantity of boiling
alcohol ; the greater part of the alcohol is removed from the filtrate by
evaporation ;

and the rufimoric acid is precipitated by pouring the

liquid into 50 times its volume of cold water. The bulky red flocks are

washed on the filter with cold water, pressed between paper, and dried

without warming. When the quantity of material is somewhat con-

siderable, the precipitate coagulates into a viscid mass, which is apt to

enclose sulphuric acid ; hence it is better to operate with small quan-
tities. 2. The red solution obtained by digesting morintannic acid

with oil of vitriol is diluted with water, exactly neutralised with car-

bonate of soda, arid acidulated with a few drops of acetic acid ; the

boiling solution is precipitated with acetate of copper ; arid the red-

brown precipitate is decomposed under water with hydrosulphuric acid.

The greater part of the rufimoric acid then remains, mixed with the

sulphide of copper, and may be extracted by boiling alcohol and
obtained in the solid state by evaporating the alcoholic solution.

Properties. Dark red mass, yielding a powder of a fine red colour.

The solution has an acid reaction.

Wagner.

14 C
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Decompositions. 1. Rufimoric acid is not altered at 130, but when
more strongly heated, it gives off vapours which partly condense to

colourless crystals of pyrocatechin (xi, 379). 2. Chlorine-water con-

vert s it into brown flocks. 3. With hot nitric acid, it forms a yellow
solution containing oxalic acid, and an acid different from picric acid.

4. The dark red solution in potash-ley or baryta-water becomes dark

yellow when boiled, the rufimoric acid being then converted into

morintannic acid and the products of its decomposition by alkalis.

Combinations. Rufimoric acid is but slightly soluble in pure wafer,

but in presence of the smallest quantity of ammonia it dissolves in all

proportions. With oil of vitriol it forms a red solution, only partially

precipitable by water. It dissolves in hydrochloric acid.

Rufimoric acid dissolves in alkalis and alkaline carbonates, forming
a wine-red solution, which exhibits a tinge of yellow if morintannic

acid is also present. The carmine-coloured solutions are but very
slowly decolorised in contact with the air. Alcoholic potash, added to

alcoholic rufimoric acid, throws down a dark red, viscid precipitate.
With chloride of barium, alum, or protochloride of tin (after addition of

ammonia), it forms dark-red lakes.

Rufimorate of Lead. The acid forms a dark red precipitate with
neutral acetate of lead, cherry-red with nitrate of lead. The salt

is prepared by precipitating the alcoholic solution of the acid with

alcoholic acetate of lead, washing the precipitate with alcohol, and

drying it at 100. Dark scarlet powder, insoluble in water and alcohol,

but soluble with yellow-red colour in acetic acid, with carmine-colour

in potash-ley. Contains from 59'1 to 59*4 p. c. PbO., and is therefore

perhaps 2PbO,C
14H7 8

(calc. 59-1 p. c. PbO).
Rufimoric acid colours ferric hydrochlorate green, without forming a

precipitate.

Rufimorate of Copper. The acid throws down from cupric acetate,
brown-red flocks, which, after washing and drying at 100, contain, on
the average, 27*7 p. c. cupric oxide, and are therefore 3CuO,2C

14H7 8

(calc. 27'75 p. c. CuO).
Rufimoric acid forms a brown-red precipitate with mercuroiis

nitrate, reddish with mercuric oxide. It does not precipitate nitrate of
silver.

It dissolves readily in alcohol, sparingly in ether.

Morin.

C 18IP0 10
.

CHEVREUL. (1830). J. Chim. med. 6, 158. Chimie appliquee a la teinttire,

2, 150.

R. WAGNER. J. pr. Chem. 51, 82 ; abstr. Pharm. Centr. 1851, 33 ;
Ann.

Pharm. 76, 347; Chem. Gaz. 1851, 21; N. J. Pharm. 19, 149.

J. pr. Chem. 52, 449; abstr. Ann. Pharm. 80, 315 ;
Pharm. Centr.

1851, 385 and 406 ; N. J. Pharm. 22, 66 ; Compt. chim. 1851, 104.
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The yellow die from the yellow wood of Mactura tinctoria (Handb. viii,

Phytochem. 76). Preisser's statements (p. 28; Comp. Rev. sclent. 16, 57; /. pr.
Chem. 32, 155).

Preparation. The decoction of the yellow wood is evaporated to a

weight equal to that of the wood employed, and, after a day or two,
the yellow sediment is collected on a filter ; the filtrate concentrated

and set aside, yields an additional quantity of this deposit, while

morintannic acid remains in solution. On pressing- the yellow sediment,

dissolving it in boiling alcohol, and pouring the solution into ten times

its volume of cold water, yellow-brown flocks of the lime-compound
of morin are deposited ; they may be purified by washing them with

cold water, dissolving them three or four times in alcohol, and pre-

cipitating with water; 100 pts. of the lirne-compound of morin thus

obtained, are boiled with 12 pts. of oxalic acid crystals, and 15'60 pts.

alcohol of 75 p. c. ; the liquid is filtered at the boiling heat into 100

times its volume of water, and the morin, which separates in the form
of a yellowish white crystalline powder, is redissolved in alcohol,

reprecipitated by water, and dried at 100, avoiding contact with the

air. (Wagner.)

Properties. White crystalline powder, which acquires a faint yellow
colour in contact with air (containing ammonia). Exhibits a slight
acid reaction in solution. Has a slightly bitter not astringent taste.

(Wagner.)
Wagner.

18 C
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hydrochloric, phosphoric, acetic, oxalic, or tartaric acid. It dissolves with

yellow colour in oil of vitriol, and is precipitated by water. It dis-

solves with fine yellow colour in aqueous solutions of alkalis and
alkaline carbonates. Aqueous morin containing traces of fixed alkalis

turns yellow in the air, from absorption of ammonia.

Baryta-compound of Morin. When morin is boiled with recently

precipitated carbonate of baryta and water, the filtrate leaves on

evaporation, a red-brown powder, which, at 100 contains, on the

average, 22*2 p. c. baryta, agreeing approximately with the formula

(Wagner).

Lime-compound. The lime-compound of morin, which is obtained
from the decoction of yellow wood, and separates from alcohol hi

sulphur-yellow crystals, gives off 2 at. water at 100, and then con-
tains 6-83 p. c. lime, agreeing nearly with the formula 2C 18H6 8

,CaO,HO
(calc. 7-12 p. c. CaO.) (Wagner).

Aqueous morin precipitates alum-solutions light yellow, after addition

of ammonia.

Lead-compound. Alcoholic morin added to alcoholic acetate of lead,

produces a light yellow precipitate, which becomes black-brown when
dry, and contains 44-1, 45'6 to 47'2 p. c. lead-oxide. (Wagner.)

Aqueous morin forms a lemon-yellow precipitate with proto-
chloride of tin. It precipitates ferrous sulphate olive-green, and colours

ferric chloride garnet-red (or in presence of morintannic acid, blackish

green.)
Morin dissolves easily in alcohol, forming a dark yellow solution,

from which it is precipitated by water. It dissolves readily in ether.

(Wagner.) According to Chevreul, it is precipitated from its aqueous solution by
solution of gelatin; according to Wagner it is not.

B. Tannic Acids (and allied bodies) from'Cinchona-barks.

1. Cinchonatannic Acid.

CUH8 2
?

BERZELTUS. Lehrhuch, 3 Anfl. G, 246-

PELLETIER & CAYENTOU. Ann. Chim. Phys. 15, 337.

R. SCHWARZ. Wien. Akad. Eer. 1, 249 ; J. pr. Chem. 56, 76 ;
abstr.

Ann. Pharm. 80, 330 ; Pharm. Centr. 1852, 193.

Cinchona-barks contain a tannic acid different from gallotarmic

acid, which imparts to them the property of precipitating tartar-emetic

greyish yellow, imparting ;i green colour to ferric salts, and pre-

cipitating solution of gelatin. (Berzelius). The tannin, both from
brown and from red cinchona-bark precipitates ferric salts dark green ;

that from yellow cinchona bark forms a lighter green precipitate with
ferric salts. (Pelletier & Cavciltou.) Schwarz examined quinotannic acid

prepared from China regia.
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Preparation. 1. The decoction of cinchona bark is mixed with a small

quantity of calcined magnesia, which precipitates cinchona-red ; the
filtrate is precipitated with neutral acetate of lead ;

the precipitate is

decomposed under water by hydrosulphuric acid ; the liquid filtered

from the sulphide of lead (chinovin and a little cinchona-red) is pre-

cipitated with basic acetate of lead; the precipitate separated by
filtration is dissolved in dilute acetic acid (which leaves cinchona-red

undissolved), and the filtrate is precipitated by ammonia. The light

yellow precipitate is washed and decomposed by hydrosulphurio acid,

and the liquid filtered from the sulphide of lead is again precipitated
with an alcoholic solution of neutral acetate of lead. If the cinchona-

tannate of lead thus obtained be decomposed under water by hydro -

sulphuric acid, and the liquid, filtered from the sulphide of "lead,

evaporated in vacuo over oil of vitriol and a mixture of ferrous

sulphate and lumps of potash, cinchonatannic acid remains behind,

already somewhat altered. (Schwarz.) 2. The bark is exhausted
with water at 60, containing 1 or 2 p. c. oil of vitriol; the filtrate is

mixed with carbonate of potash, which throws down a compound of

cinchonatannic acid with excess of quinine or cinchonine ;
and this com-

pound is washed on the filter with a small quantity of water, during
which it turns red in consequence of the oxidation of part of the

tannic acid ; it is then dissolved in dilute acetic acid, the oxidised

extractive matter remaining in combination with the acetic acid ; the

liquid is precipitated with basic acetate of lead (the colourless solution

retaining quinine and cinchonine, which may be further worked up) ; the precipi-
tated cinchonatannate of lead is decomposed by hydrosulphuric acid ;

and the filtrate is evaporated in vacuo. (Berzelius.) Or the above-
mentioned acid extract is boiled with hydrate of magnesia ; the liquid
is filtered; the residue containing magnesia, cinchonatannic acid,

quinine, and cinchonine, is dissolved in dilute acetic acid ; the solution

filtered from the cinchona-red, is precipitated by basic acetate of

lead ;
and the precipitate is decomposed as above. (Berzelius.)

The cinchonatannic acid obtained by method 2, may be purified bv
dissolving it in a small quantity of water, and evaporating the filtrate

in vacuo, or better by solution in ether and evaporation. (Berzelius.)

Properties. Light yellow, friable, very hygroscopic mass, which
becomes electric by friction. Has a slightly sour, somewhat astringent
taste, but is not at all bitter.

Calculation according to Schwarz. Schwarz.

42 C .................... 252 ........ 44-84 ....... 4475
30 H .................... 30 ........ 5-33 ........ 5-49
35 .................... 280 ........ 49-83 ........ 49'76

562 ........ 100-00 ........ 100-00

Schwarz regards the substance analysed as a mixture of 2 at. oxidised tannic acid

Ci4HioOi2
7
and 1 at. unaltered tannic acid C14H8O9 + 2aq.

Decompositions. 1. Cinchonatannic acid heated to 100 in a stream

of carbonic acid, acquires a deep red colour ; if water be then poured

upon it, a red-brown resin separates. (Schwarz.) When subjected to

dry distillation, it emits a faint odour of carbolic acid, and yields a

distillate, which exhibits towards alkalis in contact with the air, and
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towards ferric chloride, the same reactions as pyrocatechin (xi, 379)-

(Schwarz.) 2. Its aqueous solution, when evaporated by heat, deposits
a red-brown powder ; after the residue has been exhausted with water,
a compound of cinchonatannic acid with cinchona-red remains imdis-

solved ; and finally the acid is completely converted into cinchona-red.

(Berzelius.) The aqueous solution of cinchonatannic acid, especially
if supersaturated with alkalis or alkaline earths, absorbs oxygen,
and acquires a darker colour. (Berzelius.) In this reaction, products
are formed, which may be regarded as compounds of a body contain-

ing C 12J17 G

,
with oxygen and water. (Schwarz.)

<t. Aqueous cinchonatannic acid deposits, on addition of water, a red-

brown substance, which, when washed and dried at 100, contains 55'3")

p. c. carbon, 5*08 hydrogen, and 38*07 oxygen, and may be represented,

according to Schwarz, by the formula C36H22 19
,

or 3C 12IP06 + HO.
(calc. 55-38 p. c. C., 5'64 H. t and 38'98 0.) From the filtrate, dilute

sulphuric acid separated red flocks, easily soluble in alcohol, and

sparingly in water, and containing at 100, 38-87 p. c. C., 4'81 II.,

and 56-32 0.: according to Schwarz = C 12H9 13
,
or = C 12II7On + 2aq.

(calc. 38 91 C., 4*36 H., and 56-23 O.) b. Cinchonatannic acid in contact
with air and ammonia, rapidly absorbs oxygen, then, on addition of

dilute sulphuric acid, gives off carbonic acid the volume of which,

however, is less than that of the oxygen absorbed and deposits red-

brown flocks, probably consisting of cinchona-red. c. Cinchonatan-
nate of lead dried at 100% in contact with the air, was found to

contain 54*3 p. c. PbO., and, after deduction of this, 47*92 p. c. C.,

4-85 II., and 47'23 0., showing that it had been converted into C 12II7 9

(calc. 47-67 p. c. C., 4'63 H., and 47'70 O.). (Schwarz.)

3. Cinchonatannic acid, heated with aqueous hydrochloric awl, is de-

composed, with separation of red flocks, which dissolve with leek-green
colour in aqueous alkalis. (Schwarz.) 4. "When heated with potash

-

ley it loses the power of precipitating gelatin, and does not recover that

power even after supersaturation with acids. (Fellctier & Caventou.)
Cinchonatannic acid dissolves readily in water.

From the concentrated aqueous solution, hydrochloric and sulphuric
acids throw down compounds of cinchonatannic acid with the acids, but

less easily than from aqueous gallotannic acid. (Berzelius.)
It unites with bases, forming easily alterable salts, which split up

into cinchona-red and a carbonate, especially if they contain excess of

base. (Berzelius.) From a concentrated aqueous solution of cinchona-

tannic acid, carbonate of potash throws* down a sparingly soluble

compound which soon turns red. (Berzelius.)

Cinchonatannate of Lead. Preparation, see above. The salt, dried in

vacuo over oil of vitriol and a moist mixture of ferrous sulphate and

lumps of potash, contains 53*5 p. c. lead-oxide, and after deduction

of this, 55-70 p. c. C., 4-60 H. and 39*70 0., and is, therefore, C28!!^) 1 '

(calc. 55-81 C., 4-31 H., 39-88 O.) + 3PbO. (Schwarz.) The lead-salt dried

at 100 contains 49-20 p. c. lead-oxide. (Reichhardt.)
Cinchonatannic acid dissolves easily in alcohol and ether. (Berzelius.)

With starch, gelatin, and white of egg, it behaves like gallotannic acid.

The aqueous solution mixed with the latter acid, dries up to a trans-

parent extract. (Berzelius.)

VOL. \\. 2 i
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2. Cinchona-red.

PELLETIER & CAVENTOU. Ann. Chim. Phys. 15, 315.

R. SCHWATCZ. Wien. Akad. Ber. 7, 255.

REICHIIARDT. Ueber die chemischen Bestandtheile der Chinarinden,

Braunschw. 1855.

Oxidised Tannin of Cinchona-bark, Rouge cinchonigue, Matiere colorante rouyp.
du Quinquina. Reuss (Gb'tt. Anz. 1812, 601) first distinguished the non-bitter

constituent, insoluble in water, of the alcoholic extract of cinchona-bark, by the name
of Rouge cinchonique. The cinchona-red of Schwarz exhibits different properties from
that of Pelletier & Caventou, the difference arising, according to Schwarz, from the

presence of humous substances; but, according to Reichhardt (Wien. AkaA. Ber.

30, 169), pure cinchona-red was obtained only by Schwarz, whereas that of Pelletier &
Caventou likewise contained quinovine. Guiraud-Boissenot (JV. J. Pharm. 25, 199)

distinguished between soluble and insoluble cinchona-red.

Formation. From cinchonatannic acid by oxidation (p. 481).

Occurrence. In brown, red and yellow cinchona-bark. (Pelletier &
Caventou.) In Cinchona regia. (Schwarz.) Most abundantly in Cin-

chona rubra, less in Cinchona regia and C. flava fibrosa, not at all in

Huanoco cinchona. (Reichhardt.) According- to Reichel ( Ueber China-

rinden und deren chemischen Bestandtheile, Leipz. 1856), it occurs also in

the latter. The extract of Cinchona rubra prepared with water
acidulated with sulphuric acid, deposits cinchona-red on standing

1

.

(Reichhardt). Cinchona-red occurs also in Carapa-bark from Cay-
enne, perhaps obtained from a Personia (Petroz & Robinet, J. Pharm.

7, 349). A red colouring matter, obtained by Caventou (N. J. Pharm.

1G, 300) from the bark of Suitenia senegalensis exhibits a certain degree
of similarity to cinchona-bark.

Preparation. 1. Pelletier & Caventou exhaust[the bark with alcohol ;

evaporate the tincture to dryness ; boil the residue repeatedly, first

with acidulated, then with pure water ;
and extract the fat with ether,

the cinchona-red then remaining behind. 2. The powder of Cinchona

rnbra, exhausted with water containing sulphuric acid and with ether,
is digested four times with alcohol of 90 p. c., or as long as the alcohol

runs away coloured ; the tinctures are evaporated ; and the residue is

purified by re-solution in alcohol and evaporation (Reichhardt).

3. The bark of Cinchona regia, previously exhausted with water, is

digested with dilute aqueous ammonia ; the red-brown liquid is pre-

cipitated with hydrochloric acid ; the red-brown flocks containing
quinovine and cinchona-red, are collected, washed, and boiled with
thin milk of lime, a compound of quinovine and lime then passing into

solution, whilst cinchona-red, together with lime, remains in the
residue. This residue is washed with boiling water and decomposed
by dilute sulphuric acid

; the cinchona-red thus separated is thoroughly
washed, redissolved in ammonia, and precipitated with hydrochloric
acid

; the precipitate is washed and dissolved in alcohol
;
and the

solution filtered from the insoluble matter is evaporated to dryness
(Schwarz).
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4. Roicliol exhausts Huanoco cinchona-bark with alcohol of 95 p. c.

evaporates the extract to dryness, and exhausts successively all the

constituents that are soluble in ether and in water.

Properties. Red-brown, inodorous, tasteless, infusible mass (Pelletier
& Caventou, Reichhardt). Chocolate-brown (Schwarz), brick-red

(Guiraud-Boissenot), light red-brown, darker when prepared from
Cinchona rulra (Reichel).

Calculation

12 C
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but not if it has been heated. On the other hand, cinchona-red, mixed
with ammonia, baryta or lime, precipitates gelatin, after being- heated,
but not before (Pelletier & Caventou).

3. Lignoi'n.

C40NH23 16
.

REICHE. Ueber Chinarinden und deren Bestandtheilc, Leipzig*, 1856.

0. HESSE. Ann. Pharm. 109, 341.

The humous constituent of Huanoco cinchona bark,
Cinchona-lark exhausted with ether, alcohol and water, is re-

peatedly digested with soda-ley ; the dark red-brown solution is pre-

cipitated with hydrochloric acid; the precipitate is washed, redis-

solved in soda-ley, and reprecipitated by dilute sulphuric acid; and
this precipitate is washed, first with acidulated, then with pure water,
and dried at 100 (Reichel).

Properties. Black-brown, easily friable mass, having but little

lustre.
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Preparation. The aqueous decoction of the bark is precipitated
with neutral acetate of lead

; the precipitate, which serves for the

preparation of quinova-rcd, is removed ;
and the filtrate is divided into

three parts, one of which is completely precipitated with basic acetate
of lead, and then mixed with the other two portions. The precipitate
thus produced, containing quinovine, the remainder of the quinova-red,
and a small quantity of quinovatannic acid (but scarcely available for

the preparation of the latter), is also removed, and the liquid filtered

therefrom is precipitated with basic acetate of lead. The washed pre-
cipitate is decomposed under water by hydrosulphuric acid; the

sulphide of lead is removed by filtration, and the hydrosulphuric acid,

partly by warming the liquid, then completely by neutral acetate of

lead ; the liquid is again filtered ; and the filtrate is mixed with a large
quantity of strong alcohol, which throws down flocks of quinovatannate
of lead. From this salt the acid is separated by hydrosulphuric acid, and
the solution freed from sulphide of lead is evaporated in a stream of

carbonic acid.

Amber-yellow, transparent, friable mass, having an astringent and
somewhat bitter taste.
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No. 1 is regarded by Hlasiwetz as 10C 14H 8O7 + llPbO + 9aq. j No. 2, as

2(C
14H 8

07,PbO) + PbO,HO. A third lead-salt contained 4C14H8O7,PbO. (Wien,
AJcad. Ber. 6, 270.)

Quinovatannic acid colours ferric hydrochlorate dark green.
It dissolves in alcohol, not in ether. Does not precipitate solution of

gelatin.

5. Quinova-red.

C 12H6 5
?

PELLETIER & CAVENTOU (1820). J. Pharm. 7, 111.

HLASIWETZ. Wien. Akad. Ber. 6, 273 ; Ann. Pharm. 79, 138.

Different from cinchona-red. Occurs ready-formed in large

quantity in Cinchona nova.

Formation. By the oxidation of quinovatannic acid (p. 485).

Preparation. 1. The aqueous decoction, or the alcoholic extract of

the bark, is precipitated with neutral acetate of lead ; the precipitate

(which contains scarcely any organic compound except quinova-
red) is decomposed under water by hydrosulphuric acid ; and the

mixture of quinova-red and sulphide of lead is washed with water
and boiled with a small quantity of alcohol. From the alcoholic

filtrate, the quinova-red is precipitated by the addition of a large

quantity of water (Hlasiwetz). 2. The bark is digested with dilute

aqueous ammonia, the nitrate is precipitated with hydrochloric acid ;

and the precipitate is washed till the nitrate no longer turns iron-salts

green, and therefore no longer contains quinovatannic acid. The
residue is freed from admixed quinovirie by boiling it 4 or 5 times
with milk of lime ; the compound of quinova-red with lime, which is

insoluble in water, is decomposed by hydrochloric acid ; the separated
quinova-red is washed with water, and dissolved in dilute aqueous
ammonia; and the solution is precipitated with hydrochloric acid.

After washing out the hydrochloric acid with hot water, the precipi-
tate is dissolved in alcohol, separated from the undissolved matter,
and the pure quinova-red is precipitated by mixing the filtrate with
water (Hlasiwetz).

Properties. Nearly black, shining resinous mass, yielding a dark
red powder (Hlasiwetz).

at 100. Hlasiwetz.

12 C 72 61-01 61-21
6 H 6 5-09 508
5 O 40 33-90 33-91

C 12H f'O 5 118 100-00 100-00

O. Hesse (Ann. Pharm. 109, 312) suggests the formula C40H20O 16
(calc. Cl'85

p.c. C., 5-17 H., 32-98 O), having regard to that of lignom (p. 484.)
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By successive treatment with potash and acids, quinova-red is con-

verted into a tannic acid (Pelletier & Caventou). With nitric acid it

forms oxalic acid (Pelletier & Caventou).
Quinova-red is nearly insoluble in water. (Hlasiwetz.) It is not

altered by dilute acids. It dissolves easily in aqueous ammonia, and in

thefixed alkalis (Hlasiwetz), less easily than chinchona-red. (Pelletier &
Caventou.) Forms insoluble compounds with baryta and lime,

(Hlasiwetz). Does not precipitate tartar-emetic (Pelletier & Caventou).
Alcoholic quinova-red is completely precipitated by alcoholic sugar

of lead. The red-brown precipitate washed and dried at 100, contains

45-1 p. c. PbO, 32-61 C., and 2-33 H., and, therefore, consists of oxide

of lead and oxidised quinova-red C 24IPOn (Illasiwetz).

Quinova-red dissolves easily in alcohol and in ether. (Hlasiwetz.)

C. Tannic Acids from Piiuis tfylvestrits ami Phlolaphene.

1. Oxypinitannic Acid.

<J"li8U IJ

!

KAWALIER. Wien. Akad. J3er, 11, 354.

Occurs about Christmas in the needles of Pinus sylvestris, and is

obtained as a lead-salt in the preparation of pinipicrin (see below). The
lead-salt is digested with acetic acid diluted with 8 pts. water ; the

filtrate is precipitated with basic acetate of lead, which throws down
a pure lead-salt; the washed precipitate is decomposed by hydro-
sulphuric acid ; and the filtrate is evaporated over the water-bath.

Grey or brownish powder. Inodorous. Has a very astringent
taste.

14 C .
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Combinations. The acid dissolves readily hi icater. The aqueous
acid is coloured yellow by ammonia, and forms with baryta-water, a

yellow liquid, which deposits red flocks when heated. It is coloured

green by ferric chloride, and precipitates greenish-brown by sulphate
of copper, and a small quantity of ammonia. It is not precipitated

by tartar-emetic or nitrate of silver.

Oxypinitannate of Lead. Neutral acetate of lead forms, with the

aqueous acid, a lemon-yellow precipitate, inclining to greenish ; basic

acetate of lead, a cream-coloured precipitate. Preparation as above.

28 C
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Decompositions. 1. Burns on platinum-foil, leaving' charcoal.

->. Swells up at 130, yields an acid watery distillate between 100
and 200, and tar at higher temperatures. 3. The arnmoniacal solu-

tion absorbs oxygen and becomes red-brown. 4. When aqueous
pimtaimic acid is heated with dilute acids, a red powder is separated,
while an amorphous substance remains behind.

a. The red powder (prepared with pinitaunic acid from pines) con-
tains 58-22 p. c. C., 4-65 II., arid 37'13 0., agreeing with the formula
Q42JJ28Q20 ^^ -g.^ c ^ 4 .63 H ^ and 37 . 4 Q.).

. The product from Thuja,
after washing with cold water, dissolves with difficulty in boiling-

water, and separates in brick-red flocks on cooling. After drying in

vacuo, it contains, on the average, 58*37 p. c. C., 4*69 H., and
3G-94 0.

I. The liquid freed from the red powder and the acid, leaves, when
evaporated over the water-bath, an amorphous, brown-yellow residue,
which reduces cupric oxide in alkaline solution, like glucose, but does
not taste sweet or exhibit any of the other characters of a sugar. It

contains 47'02 p. c. C., 5*84 H., and 47*140., answering to the formula
C 13H9 9 or C28II21 21

.

Pinitannic acid dissolves readily in water. The solution colours

ferric chloride dark brown-red, and precipitates cupric sulphate and
nitrate of silver, the latter on addition of ammonia.

Puritan Hate of Lead. The aqueous acid throws down from neutral

acetate of lead, a yellow precipitate, easily soluble in a small quantity
of free acetic acid ; from the basic acetate, at mean temperature, a

lemon-yellow at the boiling heat, and with excess of basic acetate, a

iiery chrome-yellow precipitate. Contains 54*16 p. c. lead-oxide, and
after deduction of this, 53*11 p. c. C., 5*42 H., and 41*47 0., on which
account Kawalier supposes it to contain C a6H83 33 = 4CUH8 8 + HO
in combination with lead-oxide (calc. 53-08 C., 5-21 H., and 41-71 O.).

Pinuitannic acid dissolves easily in alcohol and ether. It does not

precipitate solution of gelatin. Its aqueous solution, heated to boiling
with a small quantity of stannic hydrochlorate, 'communicates to

woollen stuffs mordanted with alum or tin-salt, a permanent lemon-

yellow to chrome-yellow colour.

3. Cortepinitannic Acid.

C 16H7 7
?

KAWALIEK. Wien. Akad. Ber. 11, 363.

Occurrence. In the inner and outer bark of old trees of Pinus

sylvestris about Christmas.

Preparation. From the inner lark (see Pinicorretin, p. 33). The
lead-salt obtained in the preparation of pinicorretin is suspended in

water, and decomposed by hydrosulphuric acid ;
and the heated liquid is

filtered from the sulphide of lead, and evaporated to dryness in a stream
of carbonic ucid.
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2. From the outer lark. The bark, cleansed and coarsely bruised,
is boiled with alcohol of 40 ; the filtrate is left to cool; the wax
which separates is removed by filtration ; and the greater part of the

alcohol is distilled off, whereupon a fresh quantity of wax separates
out. The filtered and expressed liquid, mixed with water and solution

of neutral acetate of lead, yields a precipitate of impure cortepinitannate
of lead (a) ; and the liquid filtered therefrom yields, with basic acetate

of lead, a second precipitate, which has a dirty yellow colour, but like-

wise consists of cortepinitannate of lead (/3).
The first lead-salt is

treated with dilute acetic acid ; the red filtrate is precipitated with

basic acetate of lead ;
the brown-red precipitate is washed and decom-

posed by hydrosulphuric acid ; and the hot-filtered liquid is evaporated
to dryness in a stream of carbonic acid, cortepinitannic acid then

remaining.

Properties. Bright-red powder.

32 C
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4, Pinicortannic Acid.

KAWALIER. Wien. Akad. Ber. 11, 3GO.

Occurrence. In the bark of Finns sylvestris.

Formation. Cortepinitannic acid changes to pinicortarmic acid
when its solution is evaporated in contact with the air (see p. 490 ).

Preparation. See Pinnicorretin (p. 33).

Properties. Red-brown powder.

32 C
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6. Tannecortepinic Acid.

KociiLEDER & KAWALIEE. Wien. Akad. Ber. 29, 23.

Occurrence. In the bark of Pinus sylvestris, when the trees are

between 20 and 25 years old.

Preparation. The chopped bark is thoroughly boiled with alcohol

of 40; the alcohol is completely distilled off (the last portions,
after dilution of the residue with water) ;

the viscid resin which

separates from the residue is removed by filtration
; the filtrate pre-

cipitated with neutral acetate of lead ; the precipitate collected and

washed; and the filtered liquid mixed with basic acetate of lead,

whereby a fresh precipitate is formed, containing tannecortepinate of

lead, like the first.

a. The precipitate formed by neutral acetate of lead is treated

three times with quantities of dilute acetic acid insufficient for com-

plete solution ; the liquid is filtered from the undissolved portion,
resin then remaining ; the united acetic acid solutions are precipitated
with basic acetate of lead ; and the precipitate is collected, washed,
and decomposed under water with hydrosulphuric acid. The liquid
filtered from the sulphide of lead, and evaporated to half its volume in

a stream of carbonic acid, deposits brown-red crusts of tannecortepinic
acid.

b. The precipitate formed by basic acetate of lead is decomposed
under water with hydrosulphuric acid; the filtrate is evaporated in

a stream of carbonic acid
; the residue is dissolved in alcohol, the

solution precipitated with alcoholic neutral acetate of lead ; the pre-

cipitate washed and decomposed under water with hydrosulphuric
acid ; the filtrate again evaporated in a stream of carbonic acid ; and
the residue dried at 100.

Properties. Reddish brown powder, which does not become

glutinous at 100. Has an astringent taste.



PIILOBAPIIENE. 493

like glucose, and burns on platinum with an odour of sugar. The

quantity obtained from 100 pts. of tannecortepinic acid reduces as

much cupric oxide as 5*43 pts. of grape-sugar.
With aqueous ferric hydrochlorate it becomes dark green, then red-

brown, and finally yields a black-green precipitate.

7. Pityxylonic Acid.

WITTSTEIN. Pliarm. Viertelj. 3, 14.

From Tfiruc, pine, and u\oj', wood. Occurs in the stem of P'unis sylvestris,
and probably also in that of Pinus Abie.?.

Preparation. Finely rasped pine-wood is boiled with water, the

liquid is mixed with carbonate of baryta, strained and evaporated to a
few ounces, then filtered, and the residue is exhausted with ether.
The mass exhausted with ether and treated with warm alcohol, yields
to the latter liquid pityxylonic acid, which remains behind when the
solution is evaporated.

Brown-yellow, amorphous mass, hygroscopic, with a strong bitter
taste and acid reaction.

Sparingly soluble in cold, easily in boiling water, forming a pale
yellow solution, which becomes turbid on cooling. Easily soluble in
alkaline water.

Lead-salt. The acid is dissolved in ammoniacal water; and the
solution precipitated with neutral acetate of lead. Bitter powder,
becoming electric by friction. Somewhat soluble in water.

Witts tein.

at 100. mean.
25 C .................... 150-0 ........ 44-43 ............ 44-58
20 H ..... ............... 20-0 ........ 5-92 ............ 5-81
8O .................... 64-0 ........ 18-99 ............ 19-11
PbO ................ 111-8 ........ 30-66 ............ 30-50

C25H2(>O8,PbO .... 345-8 ........ lOO'OO ............ 100-00

So according to Wittstein.

8. Phlobaphene,

OTETO8
?

STAIIELIN& HOFSTETTER. Ann. Pharm. 51, 65.

According to Stahelin & Hofstetter, phlobaphene is an ordinary constituent of the

outer bark of Pinus sylvestris, Eeiula alba, yellow cinchona-bark, and the bark of

Platanus acerifolia. Kawalier
( Wien. Akad. Ber. 11, 344) contests the independent

existence of phlobaphene, whereas J. Wolff (Pharm. Viertelj. 3, 1) finds it also in

birch-fungus, and Wittstein (Pharm. Viertelj. 3, 10) in pine-bark. Hesse (Ann Pharm.
109, 343) calls attention to the resemblance of phlobaphene to cinchona.red (p. 482),
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whereas, according to others, it resembles rhodoxanthin. Finding it impossible to deter-

mine the precise relations of these imperfectly investigated bodies, I have thought it

best to follow Stahelin & Hofstetter. (Kr.)

By the following- mode of treating the barks, sometimes phloba-

phene is obtained, sometimes bodies differing from it by water or

oxygen.

I. Phlobaphene from the outer Bark of Pinus sylvestris. From the

alcoholic extract, of the bark previously exhausted with ether, ether

extracts wax, leaving a brown residue insoluble in water.

a. When the brown residue (or phlobaphene obtained by 1, b) is

dissolved in aqueous ammonia, and the solution precipitated with dilute

sulphuric acid, red-brown flocks are thrown down, and the yellow
filtrate, on exposure to the air, deposits an additional quantity of the

same substance. These flocks contain 59-98 p. c. 0., 4*44 H., and
35'58 0., and consist of Stahelin & Hofstetter's hydrate of phloba-

phene C20H8 8 + aq. The same hydrate of phlobaphene is likewise

extracted by aqueous alkalis from the bark previously exhausted with
ether and alcohol, and is precipitated from the red-brown solution by
sulphuric acid. After repeated solution in alcohol and evaporation, it

contains 59-58 p. c. C., 4-59 H., and 35'83 0. ; it is insoluble in water
and dilute acids, precipitated from the ammoniacal solution by baryta-
and lime-salts, and sparingly soluble in alcohol after drying.

b. When the ammoniacal solution of the brown residue is treated

with neutral acetate of lead, the precipitated lead-salt exhibits the

composition a or (3, according to the circumstances of the preparation.

Stahelin

Lead-salt a. & Hofstetter.

60 C 360-0 34-34 35*25

25 H 25'0 2-42 2'70

25 200-0 19-36 19-90

4 PbO 447-2 43-38 42*15

3C20H 8O8
,4PbO + aq 1032-2 lOO'OO lOO'OO
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tains, on the average, 62-78 p. c. C., 4*30 II., and 32*92 0., answering
to the formula G20H8 8

(calc. 62-50 C., 4-1G H., and 33-34 O.).

(L Tlie yellow, sour and astringent liquid filtered from the phloba-
phene, deposits, on standing or evaporation in contact with the air,

hydrate of phlobaphene, in the form of a red-brown powder, containing
1

59*81 p. c. C., 4-59 II., and 35-60 0. It precipitates metallic and

earthy salts, also ferric chloride, the latter dark-green. On adding
neutral acetate of lead to the hot liquid immediately after filtra-

tion, a grey precipitate is formed, containing, on the average, 37'92

p. c. C., 249 II., 24-80 0., and 34-79 PbO., answering to the formula

OTTO^PbO.

II. Phlobaphene from the Bark oj Platanus Acerlfolia. Extracted by
dilute potash-ley from the bark previously exhausted with ether, and

precipitated by dilute sulphuric acid. The red-brown flocks are

washed, then dissolved several times in boiling alcohol, and the solution

is evaporated. Ivcd-brown amorphous powder, having a slightly astrin-

gent taste, somewhat soluble in cold, more soluble in boiling water ;

soluble in aqueous ammonia and in alcohol. Contains, on the average,
r>7'23 p. c. C., 4-80 II., and 37*97 0., corresponding to the formula
(jaojpoa + 2aq. (calc. 57*14 C., 4-76 II., and 38-10 0).

III. Phlobaphene frotn Yellow Cinchona-lark. When the alcoholic

extract of the bark, previously exhausted with ether, is evaporated as

long as it remains clear, and then mixed with water containing sul-

phuric acid, a copious red-brown precipitate falls to the bottom. From
this precipitate an insoluble portion, C21II 12 7

, may be separated by
digestion in ammonia. If the solution be then precipitated with
acetic acid, and the precipitate treated with alcohol, phlobaphene
remains behind, and a fresh portion of the body C21H 12 7

passes into

solution. The phlobaphene thus obtained is a brown-red powder,
which does not fuse when heated, is insoluble in water, acids, alcohol,
and ether, and dissolves easily in aqueous alkalis. It contains

02-55 p. c. C., 4-41 II., and 33-04 0., answering to the formula C^ITO8
,

and the compound precipitated by neutral acetate of lead from its

ammoniacal solution, contains 18'57 p. c. C., 1-39 H., 10*19 0., and
G9-85 PbO, agreeing with the formula C20H8 8

,4PbO. From the

cinchona-bark exhausted with alcohol and ether, dilute potash-solu-
tion extracts hydrate of phlobaphene, precipitable by sulphuric acid,

and containing 59 -35 p. c. C., 4-59 H., and 36*06 0. When this com-

pound is precipitated from the alcoholic solution by alcoholic sugar of

lend, the precipitate contains, on the average, 70*28 p. c. PbO, as

required by the formula C 20H8 8
,
4 PbO (calc. 69-77 PbO).

IV. Phlobaphene from the outer Bark of Betula Alba. After this bark
has been exhausted with ether, alcohol extracts phlobaphene contain-

in- 62-37 p. c. C., 4-35 H., and 33'28 0. Hydrate of phlobaphene
then remains in the bark, whence it may be extracted by potash-ley,
and when precipitated by hydrochloric acid, contains 59*87 p. c. C.,

4-67 H., and 35-46 0.



490 TANNFC ACIDS FROM ASPIDIUM FIUX MAS.

D. Tannic Acids from Aspidium Filix Ma*.

1. Tannaspidic Acid.

LUCK. Jcthrl. pr. Pharm. 22, 159; abstr. PJiarm. Centr. 1851, 657 and

676; Ckem.Gaz. 1851, 452 and 467.

Occurrence. In the root of Aspidium Flli.r mas.

Preparation. When the coarsely pulverised fern-root is boiled with
alcohol of 75 to 80 p. c., and the decoction mixed with water, a little

hydrochloric acid, and pulverised sulphate of soda, a precipitate is

formed, containing tannaspidic and pteritannic acids. This precipitate
is collected, washed with solution of sulphate of soda, pressed, again
triturated with water, and digested for half an hour at 60 80
with water containing hydrochloric acid, whereby ammonia and other

bases are removed. The residue, washed with water, dried and
exhausted with ether free from alcohol, yields pteritannic acid to this

solvent. The ethereal solution is filtered ; the residue warmed with

strong alcohol, mixed with a few drops of solution of neutral acetate

of lead, then with hydrosulphuric acid (which renders it capable of filtration),

and filtered ;
and the filtrate is evaporated, first in a stream of hydro-

gen, then in vacuo over oil of vitriol. The tannaspidic acid thus
obtained is pure if insoluble in water and ether, but completely soluble

in alcohol.

Properties. Black-brown, amorphous, shining', friable, mass. In-

odorous, with a slightly astringent taste and faint acid reaction.

26 C
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chlorine gas into quadrichlorotannaspidic acid, and b}*" chlorine-water,
into trichlorotannaspidic acid. 7. The alcoholic solution, heated
with hydrochloric acid, acquires a fine purple-red colour, and when
mixed with water deposits a red powder. This precipitate is regarded
by Luck as ethyltannaspidic acid (p. 499). A solution of tannaspidic acid in

wood-spirit does not yield methyl-tannaspidic acid, when heated with hydrochloric acid.

8. Tannaspidic acid, when heated with dilute hydrochloric acid and
chlorate ofpotash, gives off a large quantity of chlorine gas, and is con-
verted into Luck's terchloroxytannaspidic acid, which appears to be
identical with terchlorotannaspidic acid. 9. It dissolves in cold fuming
nitric acid, without evolution of gas, forming a brown solution, pre-

cipitable by a small quantity of water. The solution yields, by
evaporation, a yellow residue, not containing oxalic acid. 10. A
strong aqueous solution of chromic acid decomposes it with violent

evolution of gas. 11. With aqueous potash or ammonia, it forms a
brown solution, which becomes darker when heated, takes up oxygen
when exposed to the air, becoming purple-red or brown, and deposits
brown or black flocks on addition of an acid.

Insoluble in water. The alcoholic solution, mixed with ammonia,
yields a brown precipitate with chloride ofbarium or chloride of calcium ;

it colours sesquichloride of iron green, and precipitates it on addition of

ammonia. With metallic salts, on addition of ammonia, it forms dark-
coloured precipitates, but it docs not precipitate tartar-emetic.

Lead-salt. Precipitated from the alcoholic acid by an alcoholic solu-

tion of neutral acetate of lead, and washed with weak spirit, then with
water. Black shining mass, yielding a brown powder.

26 C
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26 C
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Lead-salt. Obtained by precipitating the alcoholic solution of the
acid with neutral acetate of lead. Brown flocks, forming, when dry, a
black-brown shining mass.

Luck.

26 C
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So, according to Luck, who regards this compound as ethyl-tannaspidic acid,

2C26H13O 10
,C

4H 5O. The body does not exhibit any of the characters of an acid

ether, but appears to be related to tannaspidic acid in the same way as ledixanthin

or rhodoxanthin to ledi- and rhodo-tannic acids. (Kr.)

Decompositions. 1. The acid turns brown when exposed to the air,

more quickly at 100. 2. In alcoholic or ether-alcoholic solution, it

decomposes and turns brown in a few days or more quickly at tem-

peratures between 60 and 80, less easily if mixed with hydrochloric
acid. The brown solution recovers its original colour when treated

with hydrochloric acid. In this reaction, according to Luck, the

ethyl-tannaspidic acid is resolved into alcohol and tannaspidic acid, and
on subsequently treating the product with alcohol [? hydrochloric
acid, W.] the ethyl-tannaspidic acid is reproduced. The alcoholic

solution did not however exhibit any traces of newly formed alcohol

(Kr.). 3. It dissolves with orange-brown colour in oil of vitriol.

4. With nitric acid, it forms a brown-red substance. 5. The alcoholic

solution is decolorised by chlorine. 7. By aqueous ammonia, orpotash-

ley of sp. gr. 1*2, it is converted into a dark-green powder; in case of

greater dilution, it is dissolved, with the same colour, and when left

to itself, or heated, it is converted into tannaspidic acid.

Insoluble in water. When dissolved in alcohol, it forms a violet

precipitate with chloride of barium, calcium, or aluminium, on addition of

ammonia; greenish black with ferrous chloride said ferric acetate; violet-

red withprotochloride of tin ; dark brown with nitrate of silver on addition

of ammonia ; dark violet with bichloride of platinum.

Lead-salts. a. Monobasic. Formed by precipitating the cold

alcoholic solution of the acid with neutral acetate of lead. The pre-

cipitate has a fine dark green colour, becoming dhly blue green on

drying.

Calculation according to Luck. Luck.

56 C ............................ 336 ........ 51-97 ........ 51'99
31 H ............................ 31 ........ 4-79 ........ 4-73
21 O ............................ 168 ........ 25-99 ........ 26'03

PbO ....................... 112 ........ 17-25 ........ 17'25

b. With a larger proportion of Lead-oxide. Basic acetate of lead
throws down from the alcoholic acid a green precipitate, soon becoming
dingy green. It contains 31 '08 p. c. PbO, and is therefore perhaps
2C26H13 10

,C
4H5

0,2PbO (caic. 29-43 p. c. PbO.) (Luck).
The acid dissolves in alcohol with dark purple colour. The solution

produces a very slight turbidity in solution of gelatin. The acid is

insoluble in ether, and in oils both fixed and volatile.

6. Pteritannic Acid.

LUCK. Jahrb. pr. Pharm. 22, 173.

See Tannaspidic acid (p. 496). The ethereal solution of pteritannic acid
obtained as there described leaves, on evaporation, a black-brown
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residue, which is digested with distilled rock-oil as long as the oil is

thereby coloured brown. The imdissolved powder is collected, pressed,
triturated and boiled with water ; the residual resinous cake is dis-

solved in ether
;
and the solution is evaporated.

Black-brown, amorphous, shining mass, yielding a fawn-coloured,
electric powder. Tasteless, with a faint odour. Reacts slightly acid.

Calculation according to Luck. Luck.

24 C 144 64-57 64'41

15 H 15 6-72 6-90

8 64 2871 28-69

C24H ioO3 223 100-00 100-00

Luck's formula should be doubled to make it agree with principles of the Handbook

Decompositions. 1. When gently heated on platinum-foil, it melts,

gives off balsamic vapours, burns with a luminous flame, and leaves

charcoal. 2. It dissolves with yellow-brown colour in oil of vitriol.

3. Dry chlorine converts it into bichloropteritannic acid. 4. By boil-

ing with alcohol and hydrochloric acid, it is converted into Luck's

ethylpteritannic acid (p. 503). 5. In warm alkaline solution it absorbs

oxygen, and turns brown-red.
Insoluble in Water. The alcoholic solution forms brown precipitates

with chloride of barium and chloride of calcium on addition of ammonia,
and green precipitates withj^ofo- and sesqui- chloride of iron.

Pteritannate of Lead. a. Sesquibasic. Alcoholic pteritannic acid,

mixed with excess of neutral acetate, or with basic acetate, of lead,

throws down monobasic pteritannate of lead, and the liquid filtered

therefrom yields, with a small quantity of ammonia, a light fawn-
coloured precipitate of the sesqui-basic salt.

48 C
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Pteritannic acid dissolves in strong alcohol, less freely in weak
alcohol ; easily in ether ;

but is insoluble in oils, both fixed and volatile.

7. Bichloropteritannic Acid.

LUCK. Jahrb. pr. Pharm. 22, 178.

Chlorine gas is passed into water containing pteritannic acid in

suspension, and the product is washed, dried, and purified by solution

in ether.

Light loam-coloured powder, tasteless, but with a slight fruity
smell.

Calculation a

24 C ,
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Calculation accordir,

24 C 144-ft
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Colours proto-chloride of tin violet, and on addition of ammonia, pre-

cipitates it bluish green.

Lead-salt. The alcoholic solution of the acid forms with neutral and
basic acetate of lead, green precipitates which become violet-grey
when dry. The precipitate, formed with an insufficient quantity of

the neutral acetate contains 10'5 p. c. PbO ; that formed with excess

of the neutral acetate or with an insufficient quantity of basic acetate,

contains 21'55 p. c. ; and that formed with excess of the basic acetate,

contains 33'59 p. c. PbO.

Ethyl-pteritarmic acid dissolves easily in alcohol and in ether, form-

ing purple solutions. It produces but slight turbidity in solution of

gelatin.

E. Caffetannic and Viridic Acids.

Caffetannic Acid.

CUH8 7
?

PFAFF. Schw. 62, 31.

BOLLE. N. Br. Arch. 25, 271.

ROCHLEDER. Ann. Pharm. 59, 300. Ann. Pharm. 63, 193; abstr.

Pharm. Centr. 1847, 913. Wien. Akad. Ber. 1, 224; Ann. Pharm.

66, 35; Pharm. Centr. 1848, 697; Wien. Akad. Ber. 1, 228; Ann.
2 harm. 66, 39; Pharm. Centr. 1848, 701.- Wien. Akad. Ber.

7, 815 ; J. pr. Chem. 56, 93 ; Ann. Pharm. 82, 194 ; Pharm. Centr.

1852, 364. Wien. Alcad. Ber. 24. 39 ; J. pr. Chem. 72, 392 ; Chem.

Centr. 1858, 75.

PAYEN. Compt. rend. 22, 724 ; 23, 8, and 244 ; N. Ann. Chim. Phys.

26, 108 ; J. pr. Chem. 38, 471.

EOCHLEDER & IlLASiWETZ. Wien. Akad. Ber. 5, 6 ; J. pr. Chem.

51, 415 ; Ann. Pharm, 76, 338; Chem. Gaz. 1851, 121.

Caffeic acid (Rochleder). Discovered by Pfaff. The latter, on precipitating the

aqueous decoction of coffee-beans with neutral acetate of lead, and decomposing the

precipitate under water with hydrosulphuric acid, and evaporating the nitrate to a syrup,
found that it separated into a soluble portion containing caffetannie acid, and an insolu-

ble portion containing aromatic caffeic acid. Bolle and Rochleder were unable to

find the latter. With caffetannie acid we shall here place, as Rochleder does, Payen's
chlorogenic acid separated from the Sel naturel du cafe, or chlorogenate of caffeine and

potash, whereas Zwenger & Siebert (Ann. Pharm. Suppl. 1, 77) regard that salt as

identical with the kinic acid which they found in coffee Against the latter view must
be alleged, amongst other statements of Payen, that his Sel naturel contains nitrogen.

Occurrence. In the beans and leaves of the coffee-tree (Handb. viii,

Phytochem. 55,), in the leaves of Ilex paraguayensis (ibid. 22), and in the
root of Chiococca ramosa (ibid. 56).

Runge's Verdic acid (Grunsdure). In the root-stock of Scabiosa

succisa, as well as in many Composite (Handb. viii, Phytochem. 70) in

Synantharece (ibid. 65) and in Umbellifera>, there is found an acid, form-

ing, with ammonia, a yellow compound, which turns blue-green in

contact with the air. This verdic acid is, according to Runge,
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characteristic of the above-mentioned tribes of plants ; it exhibits

some points of resemblance to valerotannic acid (p. 533), also to

caffetannic acid and rubichloric acid (see Itubian). The root-stock of

Scabiosa succisa, after being cleansed, pulverised, and dried, is ex-

hausted with alcohol; the solution is precipitated with ether; the

white precipitate is collected and washed with ether, and its aqueous
solution is precipitated with neutral acetate of lead. On decomposing'
the precipitate under water with hydrosulphuric acid, and evaporating-
the filtrate, the verdic acid remains as an amorphous, yellow, brittle,

and acid mass. The aqueous solution of this verdic acid, if exposed
to the air without being mixed with ammonia, does not undergo any
alteration, but if ammonia is present, the solution takes up oxygen
and turns green ; the same effect is produced, in a less degree in

presence of potash or soda. The green compound thus formed, is

decolorised by contact with zinc-amalgam, and becomes green again

by contact with the air. From the green solution, acids throw down
a red-brown precipitate, which dissolves with green colour in the fixed

alkalis and in ammonia. The salts of the alkaline earths and heavy
metallic oxides form white precipitates with colourless verdic acid,
dark green precipitates with the green variety. Neutral acetate of

lead precipitates the former yellow, the latter blackish green ; this

last mentioned lead- salt contains more oxygen than the yellow.

Preparation of Caffetannic Acid. Coffee-beans dried at 60 and

pulverised are exhausted with ether, which takes up fat, caffeine, and
a small quantity of caffetannic acid ;

the residual powder is boiled

with alcohol of 40 per cent. ; the filtrate is mixed with twice its own
bulk of water ; the precipitated fat-flocks are separated ; the liquid is

boiled ; solution of neutral acetate of lead is added to it ; and the

whole is boiled for a few seconds, which causes the precipitate to con-

tract, and renders it easier to filter. The precipitate is washed with
water containing alcohol, decomposed underwater with hydrosulphuric
acid, and the pale yellow filtrate is evaporated over the water-bath

(Rochleder). When the decoction of coffee-beans is mixed in separate

portions with neutral acetate of lead, the precipitate first formed con-

tains citric acid, the latter only caffetannic acid. When the aqueous
decoction is completely precipitated with neutral acetate of lead, the

precipitate decomposed with hydrosulphuric acid, and the filtrate

evaporated to a syrup, a mixture of caffetannic acid, with its salts

and citric acid, is obtained, which yields, with neutral acetate of

lead, a lemon-yellow precipitate, containing acetic acid. An impure lead-

salt of this kind is described in Ann. Pharm. 63, 200 (Rochleder).

See also the preparation of viridic acid (p. 510), and that of the lead-salts (p. 510).

When Payen's chlorogenate of caffeine and potash (p. 509) is de-

composed by an equivalent quantity of sulphuric acid, and the solution

mixed with pounded marble and evaporated to dryness, alcohol extracts

from the residue acid chlorogenate of caffeine, the acid of which may
be precipitated by basic acetate of lead. In like manner, by precipi-

tating the alcoholic solution of chlorogenate of caffeine and potash
with basic acetate of lead, or by triturating the salt with water and
oxide of lead, chlorogenate of lead is obtained, which, in the latter

case, is retained in solution by help of the potash, and may be precipi-
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tated by passing carbonic acid into the liquid. The washed lead-salt,

decomposed by hydrosulplmric acid, yields aqueous chlorogenic acid,

Avhich, by rapid evaporation, may be obtained as a confused

crystalline mass. This acid is white ; separates from its aqueous solu-

tion by slow evaporation in microscopic prisms, containing 5 6 '0 p. c. C.,

5-6 H., and 38'4 0., agreeing with the formula CUH6 7
(calc 56-7 p. c. C.,

and 5'4 H.) ; and has a strong acid reaction. When heated, it melts,
turns yellow, chars, and gives off a brown liquid. Its lead-salt contains

60 p. c. lead-oxide. It is more soluble in aqueous than in absolute

alcohol.

Properties of Caffetannic Acid. Brittle mass, which may be rubbed
to a yellowish white powder; has a slightly sour and somewhat

astringent taste (Rochleder).
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been poured off. From this solution, after it has been neutralised with
acetic acid, neutral acetate of lead throws down a brown precipitate,
whereas a green precipitate is produced if the solution has been pre-

viously boiled (Rochleder). When a moderately concentrated aqueous
solution of caffetannic acid is mixed with potash-ley till it exhibits an
nlkaliiie reaction, and left fora week in contact with the air, the liquid,
\vhifh is brown after the potash has been added, acquires a darker

colour, and becomes opaque. The light brown salt, then precipitated

by neutral acetate of lead, after neutralisation with acetic acid,

contains, on the average, 28-60 p. c. 0., 2-08 H., 18-10 0., and
51-22 PbO., as required by the formula 4 (C

12H6 6
,PbO) + 2 C 17H6 5

,3PbO.
If the remainder of the alkaline liquid be exposed to the air for

another 8 days, the lead-precipitate obtained from it is dark brown,
and contains, on the average, 21-33 p. c. C., 1-51 H., 16-82 0., and
60-34 PbO. The latter precipitate is regarded by Liebich as a mixture
of a basic and a neutral salt of an acid containing C

12H4 7
, according to

the formula 5 (C
12H4 7

,2PbO) + C 12H4 7
,PbO (G-. Liebich, Ann. Pharm.

71, 57). 6. The aqueous solution of caffetannic acid exposed to the

air, in contact with bicarbonate of lime, yields viridic acid, and a black

product insoluble in acid water, which forms a dark violet compound
with lime (Rochleder). 7. From a moderately dilute solution of

nitrate of silver, it throws down a precipitate from which metallic silver

separates on heating or standing (Rochleder).

Combinations. Caffetannic acid dissolves readily in water, and is not

precipitated by alcohol even from the syrupy solution. It dissolves in

oil of vitriol.

Caffetannic acid dissolves in aqueous ammonia, with yellow colour,
and in strong potash-ley, with reddish yellow colour, becoming pale

yellow when the liquid is heated. Its compounds with baryta and
lime are yellow, and quickly turn green on exposure to the air, unless

the acid is in excess (Rochleder. vid. sup.>

Baryta-salt. Concentrated aqueous caffetannic acid is neutralised

with the necessary quantity of baryta-water ;
an equal quantity of

caffetannic acid is added (since the neutral salt would decompose) ; the
solution is evaporated over the water-bath, and alcohol added by small

portions towards the end of the process. As soon as the evaporation
has been carried so far that a drop of the liquid placed upon a cold

glass plate becomes milk-white, or throws out resinous flocks, the

solution is strained through linen into a warmed glass, a few flocks

then remaining. The filtrate, on cooling, solidifies to a transparent
colourless jelly, which is to be pressed between linen and paper, and
dried at 100. Faintly greyish yellow, earthy mass, containing
46-29 p. c. C., 4-57 H., 30-69 0., and 18-45 BaO (Rochleder).

When baryta-water in excess is added to aqueous caffetannic acid,

a pale yellow precipitate is formed if the excess of baryta is small,
but with a larger excess, an orange-yellow precipitate is formed, which
turns green and brown on the filter.

Lead-salts. The lead-salts of caffetannic acid do not oxidise so

readily in contact with the air; nevertheless they exhibit a variable

constitution, and cannot be heated above 100 without change
(Rochleder).
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a. When the alcoholic decoction of coffee-beans, after being freed

from fat, is heated to the boiling point, and precipitated with solution

of neutral acetate of lead, the resulting yellow precipitate, washed with
alcohol and dried at 100, contains 25*28 p. c. C., 2*29 H., 13*73 0.,

and 58-70 PbO (Rochleder).
I. When a boiling- aqueous solution of neutral acetate of lead is

precipitated by pouring a decoction of coffee-beans into it by small

portions, a pale yellow gummy precipitate is formed, which, after

washingwith alcohol and drying at 100, contains 24*73 p. c. C., 2*41 H.,
15-49 0., and 57*37 PbO (Rochleder).

c
1

. From a concentrated aqueous solution of caffetannic acid,

aqueous neutral acetate of lead throws down at first a white pre-

ciptate, which becomes yellow when more acetate of lead is added.

The first precipitate melts at 100 to a green oil, which then solidifies

to a brittle resin, and contains 7 at. acid (according to Rochleder's older

formula C16H8
O") to 4 at. lead oxide. The yellow precipitate contains

42*44 p. c. C., and 4-16 H. By precipitating concentrated aqueous
caffetannic acid with neutral acetate of lead, another salt was once

obtained, containing 35'34 p. c. C., and 40-25 PbO. Another lead-

salt accidentally formed, contained, at 100, 29'88 p. c. C., 2*43 II.,

1615 0., and 51*54 PbO. (Rochleder.)
d. When dried coffee-beans are boiled 'with alcohol of 40, the

filtrate, while still hot, precipitated with neutral acetate of lead, the

precipitate washed with alcohol, and decomposed under alcohol with

hydrosulphuric acid, and the filtrate, after being freed from hydrosul-

phuric acid, poured into an excess of alcoholic neutral acetate of lead,

the resulting precipitate dried at 100, contains 25*00 p. c. C., 2*4 H.,
16*89 0., arid 85*87 PbO., answering to the formula C42H24 21

,5PbO, or

3C 14H8 7
,5PbO. (Rochleder.)

e. When an extract of coffee-beans, prepared with cold aqueous
alcohol is precipitated with neutral acetate of lead, the precipitate

decomposed under water by hydrosulphuric acid, the filtrate evaporated
to a syrup, this syrup precipitated with absolute alcohol and filtered,

the filtrate evaporated, and the residue dissolved in water, and freed

from fat by addition! of a few drops of neutral acetate of lead, the

filtrate, poured into an excess of aqueous neutral acetate of lead, forms
a precipitate which, after washing with cold water, becomes greenish
at 100. This precipitate contains, on the average, 28*32 p. c. C.,

2*58 H., 19*01 0., and 50*09 PbO., and is, therefore, C42H24 21
,4PbO or

3C 14He 7
,4PbO. (Rochleder.)

/. From the alcoholic decoction of the bark of cainca-root, alcoholic

neutral acetate of lead throws down a precipitate which contains

small quantities of caincin and mineral acids, and when decomposed
by hydrosulphuric acid, and several times fractionally precipitated by
neutral acetate of lead, yields caffetannate of lead containing
40*83 p. c. C., 4*11 H., 29*40 0., and 25*66 p. c. PbO. (Rochleder &
Hlasiwetz, Wien. Akad. Ber. 5, 6.)

g. The lead-salt of caffetannic acid from Ilex paraguayensis contains

22*84 p. c. C., 2-20 H., 19*64 0., and 59*32 PbO., answering to the

formula C 14II8 7
,2PbO. It is obtained by exhausting the bruised herb

with alcohol of 40, mixing the filtrate with alcoholic neutral acetate

of lead, removing the precipitate as long as it does not exhibit a pure

yellow colour, arid completely precipitating the filtrate. The last

precipitate is washed with alcohol, and decomposed under alcohol
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with hydrosulplmric acid ; the filtrate, after being freed from sulphide
of lead and excess of hydrosulphuric acid, is reprecipitated with

alcoholic neutral acetate of lead ; and the precipitate is washed with

alcohol and dried at 100. (Rochleder.)

Aqueous caffetannic acid does not precipitate ferrous sulphate, but

on addition of ammonia, an almost black precipitate is formed, which
dissolves in acetic acid with bottle-green colour. The precipitate
contains variable quantities of protoxide of iron; the carbon and

hydrogen are in the same proportion as in free caffetannic acid.

(Rochleder.) Aqueous caffetannic acid forms a dark-green precipitate
with ferric chloride.

Caffetannate of Copper is obtained from an acid solution as a grey
salt of variable composition, which, so long as it remains moist, melts

at 100 to a green resin, and dissolves with green colour in water

containing a little ammonia, with blue colour when more ammonia is

present. The basic copper-salts are green. (Rochleder.)
Caffetannic acid dissolves in all proportions in alcohol, even when

absolute.

Chlorogenate of Caffeine and Potash. See page 504. When coffee

powder exhausted with ether is treated with alcohol of 60 p. c., the

solution evaporated to a syrup, and this syrup mixed with three times
its volume of .alcohol of 85 p. c., the liquid separates into two layers,
the upper, which is mobile, containing the greater part of the chioro-

genate of caffeine and potash. The remaining quantity of this salt

may be obtained by dissolving the lower viscid layer in a small

quantity of water, mixing it with alcohol, and pouring off the alcoholic

solution. The united alcoholic solutions are evaporated to a syrup ;

this syrup is mixed with a little alcohol, and left to crystallise ;
and

the product is purified by washing and recrystallisation from weak
spirit.

Radiate prisms, united in spheroidal groups. The salt dried at

100 becomes electric by trituration on the still warm paper, and
attaches itself in long flakes to a knife held above it. It contains

50-74 p. c. C., 5-38 H., 9-12 K, and 7'50 KO., or 63'5 chlorogenic acid,
29'0 caffeine, and 7'5 potash. It does not change at 150, but melts
at 185 to a yellow mass, which swells up to five times its original

volume, but remains solid and friable. At 200 it decomposes, turns

brown, and gives off vapours which ."condense to crystals of caffeine ;

when further heated, it melts again, gives off a large quantity of

ammonia, swells up to twenty times its original bulk, and leaves a

very light iridescent charcoal. The aqueous solution, when exposed
to the air, turns yellow and afterwards greenish-brown. It is not
altered by nitrate of silver, but becomes yellowish-brown on addition

of a small quantity of ammonia. The mixture, after standing for

some time, b
becornes turbid from separation of metallic silver. When

the aqueous solution is mixed with a few drops of ammonia, and

exposed to the air in a shallow dish, the water and ammonia being
frequently renewed, it assumes, in the course of 24 hours, first a

yellow, then a green and blue-green, and ultimately a brown colour.

If it be evaporated to dryness after 20 or 30 days, anhydrous alcohol

extracts caffeine from the dark brown residue. Oil of vitriol, heated
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with the salt, colours it dark violet; hydrochloric acid acts in a

similar manner, whereas nitric acid produces an orange-yellow colora-

tion. The crystals, gently heated with lumps of potash, assume a

scarlet or orange-red colour ; and at a stronger heat, the mass melts,

turns brown, gives off a large quantity of ammonia, and decomposes.
On the preparation of chlorogenic acid from chlorogenate of caffeine and potash, see

page 505.

Chlorogenate of caffeine and potash is very soluble in water, the

the hot saturated solution solidifies on cooling. For the decompositions of

the aqueous solution, see page 509. It forms a greenish-yellow precipitate

with neutral acetate of lead, and from the basic acetate it throws

down flocks of a pure yellow colour, In absolute alcohol it is nearly

insoluble even when heated ;
in ordinary alcohol it dissolves more

abundantly as the proportion of water is greater, and crystallises from

the solution on cooling. (Payen.)

Viridic Acid.

ROCHLEDER. Ann. Pharm. 63, 193. Wien. AJcad. Ber. 1, 227; Ann.

Pharm. 66, 38.

Produced from caffetannic acid by oxidation in presence of aqueous
ammonia (p. 506) (Rochleder); under the same influences from

quinovatannic acid (p. 485) (Hlasiwetz).

Preparation. 1 . When the alcoholic decoction of dried and pulverised
coffee-beans is mixed with water to separate fat, the filtrate heated to

the boiling point with neutral acetate of lead, and the precipitate

decomposed under water with hydrosulphuric acid, aqueous caffetannic

acid is obtained, which, when supersaturated with ammonia, assumes
a colour varying from dark yellow to red brown, and changing in con-

tact with the air to greenish yellow, and after 36 hours, to blue-green.
To prepare viridic acid, the blue-green liquid is mixed with excess of

acetic acid, then with alcohol, which throws down black flocks, of a

compound similar to metagallic acid, which is formed at the same time

[but not necessarily, according to Rochleder (Wien. Akad. Ber. 1, 227),] the

liquid is then filtered, and the brown filtrate precipitated with neutral

acetate of lead. 2. When the aqueous extract of coffee-beans, pre-
viously exhausted with alcohol, is precipitated at the boiling heat with
neutral acetate of lead, the yellow precipitate decomposed under
alcohol with hydrosulphuric acid, and the nitrate, after being freed
from excess of hydrosulphuric acid, supersaturated with ammonia,
exposed to the air for 24 hours and then mixed with 2 vol. alcohol

of 40, a greenish-blue precipitate is formed, which, when washed
with alcohol containing acetic acid, then dissolved in acetic acid and

precipitated with neutral acetate of lead, yields viridate of lead.

By decomposing the lead- salt with aqueous hydrosulphuric acid,
and removing the sulphide of lead, aqueous viridic acid is obtained
as a brown liquid, which, when evaporated, leaves a brown amorphous
mass. This substance dissolves easily in water, with fine carmine
colour in oil of vitriol, and is precipitated therefrom in blue flocks by
water.
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Aqueous viridic acid assumes a dark green colour when mixed with

ammonia, potash or soda. Baryta-water precipitates it in blue-green
flocks, which, after washing with alcohol and drying at 100, contain

43*15 p. c., baryta, as required by the formula C 14H8 9
,2BaO (calc.

43-46 p. c. BaO).

Lead-salt. For the preparation, page 510. Green-blue or indigo-blue

precipitate.

a.

14 C
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2. Aspertannic Acid.

QUJJ8Q8 ?

R. SCHWARZ. Wien. A/cad. Ber. 6, 446 ; J. pr. Chem. 55, 398 ; abstr.

Ann. Pharm. 80, 334; Pharm. Centr. 1851, 929; Chem. Gaz. 1852,

61; Lieb. Kopp. Jahresber. 1851, 417.

Occurrence. In the herb of Asperula odorata (Schwarz). According
to Vielguth (who, however, did not compare the true aspertannic acid

with that which he obtained), it occurs also in the herb of Galium

Mollugo (see below).

Preparation. 1. The alcoholic extract of the herb is distilled to expel
the alcohol ; the residue is mixed with water ; the filtrate precipitated
with neutral acetate of lead ; the washed precipitate is dissolved in

dilute acetic acid ; the filtered solution is mixed with absolute alcohol

till grey flocks are precipitated ; these are removed ; and the filtrate is

completely precipitated with absolute alcohol : the precipitate consists

of the lead-salt a. If the nitrate be precipitated with basic acetate

of lead, the precipitate washed with alcohol, decomposed with hydro-
sulphuric acid and alcohol, and the solution, freed from sulphide of

lead and hydrosulphuric acid, be mixed with neutral acetate of lead,

a precipitate is obtained, consisting of the salt b. 2. The aqueous
decoction of the herb is precipitated with neutral acetate of lead, the

washed precipitate is dissolved in acetic acid ; and the salt c is precipi-
tated partly from the solution by basic acetate of lead, partly from the

liquid filtered therefrom, by the neutral acetate.

The acid is separated from the lead-salts by decomposing them
with hydrosulphuric acid, and evaporating the filtrate in a stream of

carbonic acid.

Properties. Inodorous mass, having a faint brown colour. Very
hygroscopic.

14 C
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tains 8-G9 p. c. C., 0-83 II., 8--18 0., and 82PbO, tlicrcforc, according
to Sohwur/, = CMll80 M

,18l'bO or = 3Cwfl07

,5HO,18Pbq. The
green solution of cupric carbon nt.a in aqueous aspertannic acid forms,
with alcohol, a green precipitate, which, after washing with alcohol
and drying at 100, contains 33'98 p. c. cuprous oxide, and after
deduction of this, 38'88 p. c. C., 5*43 II., and 55'69 0. : hence Schwarz
supposes that the oxidised tannic acid in the green precipitate =
C"IP0 10

,5IIO (calc. 38-88 C., 5-55 H., and5557 Q.). Nitrate ofsilver oxidises

aspertannic acid, with separation of metallic silver. Aspertannic acid
is decomposed by boiling with dilute hydrochloric or sulphuric acid. If the
neutralised solution be boiled till it no longer alters the colour of ferric

chloride, the whole of the sulphuric acid then precipitated with basic ace-

tate of lead, and more of that reagent added to the nitrate, a light yellow
precipitate is formed, which, when washed with alcohol and dried at 100,
contains 23*06 p. c., C., 1'48 IL, 10-52 0., and 64-94 PbO., and, accord-

ing to Schwarz, may be represented by the formula CMHai 21
,9PbO or

5C 13II4 4
,IIO,9PbO (calc. 23-11 C., 1-34 H., 10-91 O., and 64'64 PbO).

Aspertannic acid dissolves very easily in water. It does not pre-
cipitate tartar-emetic.

Aspertannate of Lead. Preparation, see above. The salts must be
dried at 100 ,

at which temperature they do not turn green.

a. b.

56 C .
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3. Atherospermatannic Acid.

ZETER. Pharm. Viertelj. 10, 511.

In the bark of Atlierosperma moschatum, a South American drug.
The decoction of the bark clarified by several days' rest is precipitated
with neutral acetate of lead, the washed precipitate is dissolved in

acetic acid, and the filtrate is precipitated by ammonia. The lead-salt

thus prepared, and dried at 100, contains, on the average, 31-39 p. c. C.,

3-67H., 8-05 0., and 56'89 PbO., answering to the formulaCH14 4
,2PbO.

If the dirty yellow precipitate formed in the aqueous extract of the

bark by neutral acetate of lead be decomposed under water by hydro-

sulphuric acid, the light yellow filtrate exhibits an acid reaction, tastes

slightly astringent, turns ferric chloride green, and is precipitated in

flocks by excess of lime-water.

4. Callutannic Acid.

ROCHLEDER. Wien. ATcad. Ber. 9, 286 ; J. pr. Chem. 58, 189 ; Ann.
Pharm. 84, 354 ; Pharm. Centr. 1852, 756 ; Chem. Gaz. 1852, 466.

Occurs in Calluna vulgaris.

Preparation. The alcoholic docoction of the comminuted plants is

freed from alcohol by distillation
; the residue is mixed with water ;

the filtrate is precipitated with neutral acetate of lead ; the washed
precipitate is treated with very dilute acetic acid ; and the filtered

solution is precipitated at the boiling heat with basic acetate of lead,

whereby a chrome-yellow precipitate of callutannate of lead is pro-
duced. On decomposing this precipitate under water with hydro-
sulphuric acid, heating the liquid together with the sulphide of lead to

the boiling point, and evaporating the filtrate over a chloride-of-calcium

bath in a stream of carbonic acid, callutannic acid remains behind, and

may be dried in vacuo over oil of vitriol.

Amber-yellow, inodorous mass.

14 C
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absorbs oxygen, and is then precipitated in red-brown flocks by acids.

It is soluble in alcohol.

Stannic Callutannate. Warm aqueous callutannic acid added to a

solution of stannic hydrochlorate, throws down a beautiful egg-yellow
precipitate, soluble in excess of the tin-salt.

at 100. Rochleder.

28 C .
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must have examined a mixture of catcchin and cateclmtannic acid

(Neubauer). When (according to Berzelius and Delffs) finely pul-
verised Bombay catechu is exhausted with ether, the ethereal extract

does not separate into two layers ; but, by evaporation in vacuo, or

over the water-bath, a brownish mass is obtained resembling gallo-
tannic acid. This mass, dissolved in a small quantity of water,

evaporated over the water-bath till the ether evaporates, and separated

by nitration from green flocks, deposits needles of catechin, which
substance is not produced, as Delffs supposes, from the catechutannic

acid, but exists ready formed in the extract.

On agitating an ethereal extract of catechu with water, separating
the ethereal solution, evaporating it to dryness, dissolving the residue in

water, and leaving the catechin to crystallise out, a mother-liquor is

left, containing catechutannic acid in the highest degree of purity
attainable. If this liquid be precipitated with sulphuric acid, the pre-

cipitate washed to a certain extent with sulphuric acid, then pressed
and boiled for several hours with dilute sulphuric acid, it dissolves at

first, and then deposits brown flocks, till at length the solution retains

only a faint red tint. At this stage no sugar can be detected in the

solution (Neubauer). Strecker believes that he obtained sugar in this

manner.
When aqueous catechin, which does not precipitate solution of

gelatin, is boiled for three hours in an open dish, the solution acquires
a yellowish brown colour, and becomes turbid. If it be then evaporated
to dryness, and the residue taken up Avith water, the solution then
forms a very copious precipitate with gelatin ; nevertheless, the

catechin is not completely converted into catechutannic acid. (Neu-
bauer; see also xii, 390).

Stenhouse's catechutannic acid is insoluble in water, whether cold

or boiling, also in alcohol and ether, and only partially soluble in

alkaline liquids. It is precipitated by sulphuric acid, coloured dark
brown by boiling dilute sulphuric acid, and precipitates iron-salts olive-

brown. It does not yield either pyrocatechin or pyrogallic acid by dry
distillation. Delffs' catechutannic acid (contaminated with catechin)

deliquesces to a syrup with water ; it decomposes quickly when dis-

solved in alkalis
;
forms with bichromate of potash a brown precipitate

insoluble in ether, with ferric salts a dirty green precipitate, and is

completely precipitated by solution of gelatin.

6. Cissotannic Acid.

WITTSTEIN. Rupert. 106, 317; Pharm. Centr. 1847, 791. Pharm.

Viertelj. 2, 161.

The colouring matter of the leaves of Vitis hederacea reddened in

autumn.

Preparation. The leaves gathered in August are digested for
24 hours with alcohol of 80 per cent., the tincture is separated from
the leaves by pressure, filtered, mixed with water, and the alcohol
distilled off. The residue evaporated to an extract, then treated with
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cold water, yields a dark-red solution, whilst a crimson powder,
Wittstein's altered cissotarmic acid, remains behind. On filtering the

liquid from this precipitate, and precipitating the filtrate with solution

of neutral acetate of lead, there is produced, first a lighter-coloured,
then a green, and finally a greenish yellow precipitate, which, when
washed with water (but not completely, otherwise it will decompose),
forms olive-green cissotannate of lead a. If the liquid, after pre-

cipitation with neutral acetate of lead, be mixed with acetic acid till

the grass-green precipitate has again acquired a lighter colour, and
the supernatant liquid has become reddish, cissotannate of lead b

remains undissolved, whilst the filtrate, after standing for some time,

deposits flocks, and after these are removed, yields, with neutral

acetate of lead, the olive-green lead-salt c.

Lead-salt,

a.

120 C 25-67

75 H 2-67
N 0-50

96 27'38
11 PbO 43-78

Lead-salt.

Wittstein. b.

25-98 120 C 32-05
2-40 75 H 3-34

0-50 N 0-62

27-77 96 34-18

43-35 6 PbO.... 29-81

Wittstein.

.. 31-17

.. 3-01

.. 0-61

.. 34-56
, 30-65

100-00 100-00 100-00

The nitrogen is present as ammonia a = HPbO,6C-H 12

6(PbO,C
20H12O 16)+NH3

j c contains from 36-4 to 37*5 p. c. lead-oxide.

ing to Wittstein.

100-00

b =
So accord-

Insoluble or unaltered Cissotannic Acid. The portion of the alcoholic

extract obtained in the preparation of cissotanriic acid, which is insoluble

in water.

Dense, dark-brown, shining, non-friable mass, having a slightly

bitter, astringent taste.
Wittstein.

mean; at 110.

55-91
5-41

0-84

37-84

156 C ................ 56-25

90 H ................ 5-41

N ................ 0-84

78 O ................ 37-50

C156H90NO?8 ........ 100-00 ............ 100-00

= 3(C
52H:8 25

,3HO) + NH3
. Contains the nitrogen as ammonia, and 0-31 p. c. ash,

which has not been deducted. (Wittstein.)

Chars quietly when heated. Dissolves with dark brown-yellow
colour, in ammonia, and is precipitated therefrom by acids.

Lead-compounds. a. By precipitating the dilute alcoholic solution

with neutral acetate of lead. Olive-green, pitch-black after drying.
b. By precipitating the alcoholic solution with an insufficient

quantity of neutral acetate of lead, treating
1 the precipitate with a

small quantity of acetic acid, then washing and drying the undissolved

matter, a contains 36'91, b 16*95 p. c. lead-oxide. (Wittstein.)
Altered cissotannic acid forms a dark-green precipitate, with an

alcoholic solution of Jemc chloride ; flocculcnt precipitates with tartar-

emetic and gelatin-solution.

In alcohol of 60 80 p. c. it dissolves easily and with blood-red
colour.
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7. Cocatannic Acid.

ALB. NIEMANN. Dissert, uber eine Base in den Cocablattern. Gottinqen*
1860.

Observed by Wackenroder (N. Br. Arch. 75, 26), and Gaedeke (N. Br. Arch.

When coca-leaves are exhausted with alcohol containing sulphuric
acid, for the preparation of cocaine, the tincture digested with hydrate
of lime and filtered, the filtrate neutralised with sulphuric acid, and
the alcohol distilled off, carbonate of soda throws down the cocaine,
which may be removed by shaking up the alcoholic solution with

ether, the cocatannic acid then remaining in solution. The remainder
of the ether is driven off, the liquid neutralised with dilute sulphuric
acid ; this acid removed by nitrate of baryta, and the excess of baryta
by carbonate of ammonia

;
and the liquid, after neutralisation, pre-

cipitated by neutral acetate of lead. The washed precipitate decom-

posed under water by hydrosulphuric acid, yields, after the sulphide
of lead has been separated by filtration, an aqueous solution of

cocatannic acid, having a yellow-red colour, acid reaction, and slightly

astringent taste, and leaving when evaporated, a brown-red, amorphous,
hygroscopic mass. The cocatannic acid, thus prepared, still retains a
small portion of alkali. Part of the acid remains dissolved in the

liquid filtered from the cocatannate of lead, and may be precipitated
therefrom by basic acetate of lead, but when separated by hydro-
sulphuric acid from the lead-salts, it is contaminated with nitric acid.

The acid, heated on platinum-foil, melts, swells up, gives off an

empyreumatic odour, and leaves charcoal. It reduces chromic acid to

chromic oxide, precipitates cuprous oxide from potassio-cupric tartrate,
and metallic gold from auric chloride. It forms a deep red precipitate
with aqueous alkalis ; throws down from acetate of baryta a precipitate
soluble in acetic acid ; from tartar-emetic, brown flocks ; from mercurous
and mercuric nitrate, dingy yellow precipitates, but does not precipitate
mercuric chloride. It colours sesquichloride of iron brown-green, and pre-

cipitates white of egg, but not gelatin-solution.

8. Euphrasiatannic Acid.

ENZ. Pharm. Viertelj. 8, 175.

In Euphrasia Officinalis. The fresh plant is macerated with water

for a day, then boiled and pressed, and the filtrate precipitated by
neutral acetate of lead. The precipitate, after being washed, is dis-

solved in acetic acid, and the solution, filtered from sulphate and

phosphate of lead, is neutralised with ammonia, which throws down

siskin-green euphrasiatannate of lead, which is washed and dried.
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Enz.
Calculation according to Enz. at 100; mean.

32 C 192 28-07 27'92
20 H 20 2-92 3'01

17 136 19-89 19-73
3 PbO 336 49-12 49'34

684 100-00 lOO'OO

9. Tannic Acid from Fruits.

BUIGNET. N. Ann. Chim. Phys. 61, 280.

Known only in combination with iodine. Occurs in unripe apples,

pears, and other fruits, disappearing as the fruit ripens and the pro-

portion of sugar increases. When the juice of a fruit containing this

tannic acid is mixed with starch, and iodine is dropped in, no iodide of

starch is formed till all the tannic acid has been converted into the

iodine-compound.

Preparation of the Iodine-compound. The expressed and filtered

juice of green apples, mixed with tincture of iodine as long as the
colour of the iodine is thereby destroyed, yields, after a few seconds,
a brown precipitate, which must be washed with large quantities of

water.

Yellow amorphous powder, containing 43' p. c. C., 3*3 H., 16-17 I.,

about J p. c. N., and 3 p. c. ash.

The compound is decomposed by boiling with dilute acids, with
formation of dextro-glucose. It is insoluble in water ; after it has
been boiled for a quarter of an hour, the filtrate does not reduce

potassio-cupric tartrate. Insoluble in alcohol.

10. Galitannic Acid.

R. SCHWARZ. Wien. Alcad. Ber. 8, 26 ; Ann. Pharm. 83, 57 ; J. pr.

58, 126.

Occurrence. In the herb of Galium verum and G. aparine. Known

only in combination with water and oxide of lead.

The aqueous decoction of the herb is precipitated with neutral

acetate of lead; the precipitate (containing citric, tannic, and inor-

ganic acids) is removed ; the filtrate is precipitated with basic acetate

of lead ; the precipitate decomposed with hydrosulphuric acid ; the

liquid filtered from the sulphide of lead is precipitated with neutral

acetate of lead, to remove the excess of hydrosulphuric acid and any
citric acid that may still be present ; and the liquid filtered therefrom

is treated with basic acetate of lead, whereby a precipitate of a fine

yellow colour is obtained, which, when decomposed under water by hy-

drosulphuric acid, yields aqueous galitannic acid, having a rather bitter,
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astringent taste ; and acquiring a brown colour when treated with
ammonia and the fixed alkalis. It oxidises when the lead-salt is dried

at 100.

Galitannate of Lead. Galitannic acid scarcely precipitates neutral
acetate of lead, but forms, with the basic acetate, a precipitate of a
fine yellow colour, obtained as above described ; it exhibits the com-

position a ; b is obtained in a different way ; both are dried at 100.

70 C
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quantity of yellow colouring' matter, then dried at 100, is the yellow

amorphous colouring matter of v. Orth.

Preparation of the second Tamric Acid. The yellow pods, after

exhaustion with alcohol, are boiled with water ; the extracts are con-

centrated ; a jelly precipitated therefrom by alcohol ; this jelly col-

lected on linen ;
and the filtrate precipitated with neutral acetate of

lead. The precipitate is treated with a small quantity of acetic acid ;

the insoluble portion separated by filtration
; and the solution freed

from lead by hydrosulphuric acid. The solution filtered from the

sulphide of lead, and evaporated over the water-bath, leaves the

second tannic acid, which must be dried at 100.

Properties. The first tannic acid is a brown-yellow amorphous
mass.

First Tannic acid.

46 C 47-9fi
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Soft, white, slender needles and laminae, which give off 5*4 p. c.

water at 100 (2 at. ? = 6'25 p. c.). Inodorous. Has a very
irritating taste, and slight acid reaction.

Posselt.

mean.

30 C 180 66-66 66'46
26 H 26 9-63 9'45

8 64 23-71 24-09

C^H^O8 270 100-00 100-00

As the atomic weight has not been determined, the formula cannot be calculated

with certainty. (Kr.)

Does not melt when heated, but gives off a peculiar aromatic odour,
and leaves charcoal. Dissolves with splendid purple colour in oil of
vitriol.

Insoluble in water. The acid expels carbonic acid from carbonates,
and forms, with ammonia, potash, baryta, and lime, amorphous
gelatinous salts, which dissolve in alcohol, but are nearly or quite in-

soluble in water.

From the alcoholic ammonia-salt, nitrate of silver throws down a
white precipitate, which dissolves in boiling alcohol, and separates in

the crystalline form on cooling.
Hederic acid is soluble in alcohol, but insoluble in ether.

b. Hederitannic Acid. Epheugerlsaure. Obtained from ivy-seeds,
exhausted by successive treatment with ether and alcohol (for the pre-

paration of hederic acid) by boiling with water. The decoction is mixed
with acetic acid and neutral acetate of lead ; the precipitate removed ;

arid the filtrate precipitated with ammonia. The fine yellow precipitate,
after being but slightly washed (as it is soluble), is decomposed under
water with hydrosulphuric acid, and the solution filtered from the

sulphide of lead is evaporated ; it then leaves the acid, but in an.

impure state.

Inodorous, amorphous, acid mass, whose aqueous solution becomes
coloured during evaporation. It reduces mercuric nitrate and nitrate of
silver. It acquires a fine yellow colour when mixed with alkalis, and
is precipitated yellow by ammoniacal lime-salts and by baryta- and lead-

salts. It colours ferric salts dark green, and forms a greenish
precipitate with cupric sulphate. It is not precipitated by solution of
gelatin.

13. Helianthotannic or Helianthic Acid.

LUDWIG & KROMAYER. N. Br. Arch. 99, 1, and 285.

The iron-greening tannic acid of the seeds of the sunflower,
Helianthus annuus.

The finely pulverised fruits, freed from the husks, are exhausted
with boiling alcohol of 90 per cent. ; the alcohol is distilled off in a
current of hydrogen ; the residue is separated by filtration, the filtrate

precipitated with neutral acetate of lead ; and the precipitate is

collected, washed, and decomposed under water by hydrosulphuric
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acid. The liquid filtered from the sulphide of lead, and evaporated
over the water-bath, leaves the heliaiithotannic acid as a brownish -

yellow amorphous mass, which may be rubbed to a slightly coloured

powder. It is redissolved in water and reprecipitated with neutral

acetate of lead ; the precipitate is decomposed by hydrosulphuric acid ;

and the filtrate evaporated, a light greenish-yellow amorphous mass
then remaining, which yields a yellowish white powder, and no longer
becomes moist on exposure to the air.

After drying at 100, it contains 53'27 p. c. C., 5*97 H., and

40-76 0., answering, according to Ludwig & Kromayer, to the

formula CUH9 8
(calc. 53-50 C., 5-73 H., and 40-77 O.). Melts when heated,

giving off an odour of burnt coffee, together with acid empyreumatic
products. Heated on platinum-foil, it first chars and then burns away.

Nitric acid imparts to aqueous helianthic acid a fine red colour, but

on heating the liquid, nitrous vapours are evolved, and the colour disap-

pears. Cold oil of vitriol colours the aqueous acid red; hot oil of

vitriol blackens it. When boiled with moderately dilute hydrochloric
acid in a stream of hydrogen, it is resolved into fermentable sugar
and an acid colouring matter. The latter is precipitated by carbonate

of lead. When separated from the lead-compound by hydrosulphuric

acid, it yields a colourless solution, which leaves, on evaporation a

violet residue, changing to bright red when treated with alkalis.

Ilclianthic acid, when heated with an alkaline cupric solution, does

not reduce it. From an ammoniacal silver-solution, it reduces metallic

silver.

The acid dissolves readily in water. It turns yellow when mixed
with alkalis, and is precipitated yellow by lime-water. The latter

precipitate turns brown when exposed to the air in contact with

excess of lime-water. The light yellow lead-salt precipitated from

the aqueous acid by neutral acetate of lead, and dried at 100, con-

tains 39-5 or 44-24 p. c. lead-oxide ; also 32*44 C., 3*28 H., and
20-04 0., answering to the formula 2(C

uH8 7
,PbO) + PbO,IIO.

The aqueous acid imparts to sesquichloride of iron a splendid dark

green colour, changing to violet on addition of ammonia. It does not

precipitate ferrocyanide of potassium, or solution of gelatin.

The acid dissolves in alcohol, but not in ether.

14. Ipecacuanhic Acid.

C 14H9 7
?

E. WILLIGK. Wien. AJcad. Ber. 5, 192 ; J. pr. Chem. 51, 404.

The tannic acid of the root of Cephalis Ipecacuanha. (IlandbucJi viii,

Phytochem. 56.) Pelletier (Ann. Chim. Phys. 4, 172; J. Pharm. 3, 145 ; Schw.

19, 440); Massonfour (Bull. Pharm. 1, 161), and Richard & Barruel (/. Pharm.

6, 264), regarded the acid as gallic acid, though it had been already recognised as

distinct therefrom by Pfaff.

Preparation. The pulverised root is boiled with alcohol of

sp. gr. 0*84 ; the filtered decoction is precipitated with basic acetate
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of lead ; and the precipitate is washed with alcohol of sp. gr. 0*83 and
dissolved in dilute acetic acid. The acetic acid solution mixed with
basic acetate of lead, and then with a small quantity of ammonia,
yields a precipitate, which is to be washed with alcohol of 98 p. c.,

suspended in ether, and decomposed by hydrosulphuric acid. The

liquid filtered from the sulphide of lead is evaporated in a stream of

carbonic acid ; the residue is mixed with water, and filtered from the
fat which separates ; the filtrate is digested with animal charcoal ; and
the reddish-brown liquid, after being freed from charcoal, is evaporated
in a stream of carbonic acid.

Properties. Amorphous, reddish brown mass, having a strongly
bitter taste. Very hygroscopic.

Willigk.
<

14 C
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violet on addition of a small quantity of ammonia, and inky black with

a larger quantity. From cuprie salts, on addition of ammonia, it

throws d<>\vii a green-Mack precipitate. It is soluble in alcohol, less

soluble m ether.

15. Kinotannic Acid,

BERZELIUS. Lehrbuch, 3 Aufl. 6, 258.

GERDING. N. Br. Arch. 65, 283 ;
abstr. Pharm. Centr. 1851, 305 ; Lid).

Kopp. Jahresber. 1851, 422.

HENNIG. N. Br. Arch. 73, 129 ; abstr. Pharm. Centr. 1853, 177.

N. Br. Arch. 77, 260 ; 85, 150.

EISSFELDT. Ann. Pharm. 92, 101; Chem. Centr. 1855, 110; abstr.te&.

Kopp. Jahresber. 1854, 431.

The tannic acid of African kino (from Pterocarpus erinaceus, Handbuch viii,

Phytochem. 72) must be regarded, according to Berzelius and Gerding, as a distinct

compound. Hennig regards it as identical with gallotannic acid; he examined the

Kino malabricum of commerce, which, in his opinion, is the true African kino. Eiss-

feldt (who obtained crystals of pyrocatechin (xi, 379) from Kino malabricum by the

action of ether) did not succeed in preparing kinotannic acid either by the process of

Berzelius or by that of Gerding ;
he regards kinotannic acid as perhaps identical with

catechutannic acid. On the reaction of kino, see Nesenbeck (Repert. 27, 211) and

Hennig; on a jelly from kino, see Redwood (2V. J. Pharm, 1, 336). Characters

similar to those of kinotannic acid are exhibited by the tannic acid of Becuibablul,
the juice of Myristica Becuhyba, a Brazilian tree (see Peckolt, N. Br. Arch. 107, 163).

1. When the aqueous extract of kino is precipitated by dilute sul-

phuric acid the pale red precipitate washed as long as the wash water

acquires a sour taste, and then dissolved in boiling water, the liquid
filtered and the filtrate containing sulphuric and kinotannic acids mixed
with baryta-water, till a sample of it no longer precipitates an acidu-

lated solution of chloride of barium, the filtrate when evaporated in

vacuo, leaves kinotannic in the form of a red fissured mass, sparingly
soluble in cold, more easily in boiling water, and having an astringent
taste. This product, when its aqueous solution is evaporated in con-

tact with the air, becomes, for the most part, insoluble, and when left

in contact with the air, separates as a light red precipitate. Its

aqueous solution is precipitated by acids, not by carbonate of potash
or tartar-emetic. It is soluble in alcohol, insoluble, or nearly so, in

ether (Berzelius). Kinotannic acid, precipitated by sulphuric acid,

does not yield pyrogallic acid (xi, 398) by dry distillation (Stenhouse,
Ann. Pharm 45, 68).

2. Kinotannic acid prepared by the process just described, but freed

from sulphuric acid by carbonate of baryta, exhibits, after drying at

100, a different composition in different preparations (44*77 p. c. C.,

4-21 H., and 42-80 C., 3'66 II.), because the sulphuric acid exerts a de-

composing action on it. But when the extract of kino is precipitated

by a hot solution of isinglass, the flesh-coloured precipitate collected

and boiled with alcohol of 95 per cent., and the currant-red solution

evaporated in vacuo or by heat, a purer kinotannic acid is obtained in

the form of a red, transparent, fissured mass, which, when dried at

100, contains 48'32 p. c. C., 4'28 II., and 47-40 0, This kinotannic
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acid, of Gerding exhibits the following characters : It chars when
heated, but does not yield any pyrogallic acid by dry distillation. When
its aqueous solution is left to stand in open vessels, or when oxygen is

passed into it at 20 30, it takes up oxygen, loses its rough taste,
and deposits kino-red in the form of a light red pulp, the quantity of

which increases when the liquid is heated. Its aqueous solution, mixed
with hydrochloric acid, becomes turbid, and yields after a while a light
red precipitate ; it is decolorised by chlorine, clouded by nitric acid, and
when heated therewith assumes a yellow colour and yields oxalic acid.

It acquires a darker colour on addition of ammonia or potash, and after a

while deposits precipitates. On heating it to the boiling point with

magnesia alba, the whole of the kinotannic acid is thrown down as a

violet-red precipitate, the solution retaining its dark red colour. With
neutral acetate of lead it forms a reddish grey precipitate, which contains

all the tannic acid, is insoluble in water, alcohol, and potash-ley, but dis-

solves in nitric acid. It does not precipitate ferrous sulphate. It forms
a black-green compound with ferric salts, imparts a faint red colour to

nitrate of silver, and afterwards reduces it ; and forms, with cupric

sulphate, a grey precipitate which turns black on standing (Gerding).

3. Kinotannic acid prepared by the second process is a mixture
which does not dissolve completely either in cold or in hot water,
absorbs oxygen only in presence of potash, and does not at the same
time deposit any sediment. On removing the deposit, which
forms spontaneously in aqueous extract of kino (and, according
to Hennig, contains hyperpectic acid), a red colouring matter (Hennig's
Jcinoic acid) remains in solution, together with the tannic acid of the

kino, which latter, in the pure state, is identical with gallotannic acid,

and exhibits different characters only when impure. If a small quan-
tity of recently precipitated hydrate of lead be added to the filtered

aqueous extract, the red precipitate thereby produced contains the

kinoic acid ; 100 pts. of its organic substance contain 43*65 p. c. C.,

3'31 H., and 53'04 0. The filtrate leaves, on evaporation, a yellow
residue, the aqueous solution of which precipitates tartar-emetic and
ferric chloride, the latter blue-black ; and the yellow residue itself

yields pyrogallic acid by dry distillation, and is soluble in ether.

When extract of kino is mixed with neutral acetate of lead, precipi-
tates are formed, successively containing less colouring matter and
more oxide of lead, till the last contains 32 p. c. PbO, corresponding
to the composition of gallotannate of lead. If a concentrated tincture

of kino be mixed with basic acetate of lead by drops, and at intervals

of 12 24 hours, till only a few drops ran off from the
jelly,

and if

cold water be then poured in, and the whole left to itself till it begins
to show colour, the solution contains a large quantity of tannic acid

(together with lead and lime, which may be precipitated by oxalic

acid). If it be then mixed with hydrate of lead, and evaporated to

dryness in a stream of hydrogen, the organic substance of the residue

contains 53*16 p. c. C., 3'71 H., and 43'13 0., agreeing with the compo-
sition of gallotannic acid (Hennig).
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16. Kino-red.

GERDING. N. Br. Arch. 65, 290.

Aqueous tannic acid kept for several weeks in contact with the
air in open vessels, takes up oxygen, and deposits kino-red, which

may be freed from undecomposed kinotannic acid by washing with
water.

Amorphous, red mass, which turns brown on the surface when
dried, and yields a light red powder. Its alcoholic solution is slightly
acid. Nearly tasteless. After drying between 50 and 60, it con-
tains 37-55 p. c. C., 3'82 H., and 58*63 0. ; from another preparation,
34-96 p. c. C., 3-96 H., and 61-98 0., in other cases, about 10 p. c. 0.
more.

When heated, it yields a small quantity of pyro-acid. It is partially
carbonised by oil of vitriol. Chlorine decolorises it ; nitric acid con-
verts it into oxalic acid. When boiled for some time with strong
hydrochloric acid, it dissolves with dark violet colour, and on cooling*,
or on dilution with water, it deposits kino-brown as a fine dark brown
powder, the liquid remaining red. This kino-brown, dried at 100,
contains from 44-77 to 46-17 p. c. C., 4-39 to 4-52 H., has a neutral re-

action, and dissolves, with red colour, in alcohol, acetic acid and tar-

taric acid. It communicates a red or violet colour to stuffs prepared
with tin or iron mordants.

17. Leditannic Acid.

E. WILLIGK. Wien. Akad. Ber. 9, 302; J. pr. Chem. 58, 205; Ann.
Pharm. 84, 363 ; Pharm. Centr. 1852, 790.

ROCHLEDER & ScuwARz. Wien. AJcad. Ber. 9, 307; J.pr. Chem. 58, 210 ;

Ann. Pharm. 84, 366 ; Pharm. Centr. 1852, 790.

Occurrence. In the leaves of Ledum palustre. A tannic acid

from Epacris and another from horse-chesnuts yield a product of

decomposition identical with ledixanthin, without being themselves
identical with leditannic acid. (Rochleder, Wien. Akad. Ber. 44, 493 ;

Chem. Centr. 1862, 8.)

Preparation. 1. Neutral acetate of lead is added by drops to the

aqueous decoction of the leaves, till a sample of the resulting precipi-
tate dissolves completely in acetic acid ; the liquid is then filtered, and
and the filtrate precipitated with basic acetate of lead. The washed

precipitate is decomposed by hydrosulphuric acid, and the solution

filtered from the sulphide of lead, is evaporated to dryness over the

water-bath. 2. The alcoholic decoction of Ledum palustre is precipi-
tated by water, after the alcohol has been distilled off ; the liquid is

filtered; the filtrate precipitated with neutral acetate of lead; the
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precipitate dissolved in dilute acetic acid ; the liquid again filtered ;

and the filtrate precipitated at the boiling heat with basic acetate of

lead. If the precipitate, which has a fine yellow colour, be decomposed
under water by hydrosulphuric acid, and the solution, filtered at the

boiling heat from sulphide of lead, be evaporated in a stream of car-

bonic acid, leditannic acid remains behind. (Rochleder & Schwarz.)

Properties. Reddish, inodorous powder.

28 C
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18. Ratanhiatannic Acid.

WITTSTEIN. Pharm. Viertelj. 3, 353 ; 6, 521.

Occurs in common and in Savanilla Rhatany root. Peschier (N. Tr.

4, 2, 182 ; J. Pharm. 6, 34 ; 10, 348) designated as crameric acid, a

crystallisable acid from rhatany root, to which he attributed the

property of decomposing
1

sulphate of baryta. This, according to

\Vittstein, must have been tyrosin (xiii, 358), while Hlassiwetz
Ann. Pharm. 119, 202), thinks it probable that phloramine (p. G9)
may occur in rhatany root.

The ethereal extract of the pulverised root-bark of Iirameria

triandra (Handb. viii, Phytochem. 42), yields, when the ether is distilled

off, and the residue dried, a shining dark-red substance, which dissolves

in alcohol, with separation of wax. On evaporating the alcoholic

extract, the tannic acid remains behind. When the dry bark powder
of Savanilla Rhatany root is exhausted with ether the ether evaporated

the residue exhausted with alcohol of 90 p. c., which leaves the wax
undissolved the filtrate diluted with ten times its bulk of water a
few drops of solution of neutral acetate of lead added the liquid

filtered, and the filtrate completely precipitated with neutral acetate
of lead, ratanhiatannatc of lead b is obtained.

The acid melts when heated, chars, and leaves a very difficultly com-
bustible charcoal, while a watery and oily distillate passes over con-

taining pyrocatechin (xi, 379). (See also Eissfeldt, Ann. Pharm. 92, 109;

Uloth, Ann. Pharm. ill, 217.) It dissolves, but imperfectly, even in warm
water, forming a dirty rose-coloured solution ; it dissolves completely on
the addition of a few drops of ammonia,whereupon hydrochloric acid throws
down dirty flesh-coloured flakes. When ratanhiatannic acid (separated
from the lead-salt by hydrosulphuric acid) is heated for some time over
the water-bath with water, to which 5 p. c. alcohol has been added, a

hard, brown-red rcsiii,Wittstein's7?ataw/-rerf, separates, and on evapo-
rating the remaining liquid, there remains a small yellowish residue,
which has a slightly sweet taste, and reduces potassio-cupric tartrate

when heated therewith. The aqueous solution is coloured dark-green
by sesquichloride of iron, then precipitated ; it forms a pale flesh-coloured

precipitate with gelatin-solution, and is coloured paler by tartar-emetic,
without precipitation.

Ratanhiatannate of Lead. The alcoholic solution of the tannic acid

is mixed with a few drops of neutral acetate of lead, and the filtrate

is precipitated with excess of neutral acetate of lead. The pale flesh-

coloured precipitate is washed and dried at a gentle heat. Dark red

powder, which, after drying at 100, undergoes no further change.

Calculation according to Witti

54 C 324-0 .
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19. Batanhia-red.

WITTSTEIN. Pharm. Viertelj. 3, 358.

Produced, togetherwith a saccharine substance, byheating ratanhia-

tannic acid (p. 529) with sulphuric acid, and purified by precipitating
the alcoholic solution with water.

Brown-red, easily friable, tasteless mass.

Wittstein.

mean.

12 C 72 70-59 70-67

6 H 6 5-88 5-74

3 24 23-53 23.59

C12H6O3 102 100-00 100-00

Insoluble in water, but dissolves easily, with ruby-red colour, in

alcohol.

20, Rhamnotannic Acid.

BINSCHWANGER. Repert. 104, 58.

Obtained in the preparation of rhamnocathartin (infra, vol. rvi), and

purified by washing, drying, solution in ether and evaporation.
Greenish yellow, amorphous, easily friable mass. Tastes bitter and

astringent. Neutral. Melts and decomposes when heated, like a non-

azotised body. Nearly insoluble in cold water ; somewhat soluble in

boiling water, and in aqueous ammonia ; forming a golden yellow liquid,

which gradually turns brown. With lime-water and potash-ley it

forms yellow solutions, which do not change in contact with the air ;

the former however gradually deposits yellow flocks. The aqueous
solution added to neutral or basic acetate of lead, throws down

orange-yellow flocks ; it colours ferric-salts olive-green and then pre-

cipitates them. In tartar-emetic it forms, after some time, a yellow

precipitate. Docs not precipitate solution of gelatin. The acid dis-

solves readily in alcohol and ether.

21. Bhodotannic Acid.

CUH6 7
?

E. SCHWARZ. Wien. Akad. Ber. 9, 298; J.pr. Chem. 58, 202; Ann.
Pharm. 84, 361; Pharm. Centr. 1852, 773; Chem. Gaz. 1853, 44.

Occurrence. In the leaves of Rhododendron ferrugineum.

Preparation. The alcoholic decoction of the leaves is freed from
alcohol by distillation

; the residue is mixed with water ; the filtrate is

precipitated with neutral acetate of lead ; the precipitate is treated

with dilute acetic acid ; the liquid is filtered from the undissolved por-
tion, aad the filtrate, heated to the boiling point, is precipitated with
basic acetate of lead. When rhodotannate of lead is precipitated
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under water with hydrosulplmric acid, and the solution filtered at
the boiling heat from the sulphide of lead is evaporated in a stream of
carbonic acid, rhodotannic acid remains, and after being pulverised,
may be dried in vacuo over oil of vitriol.

Properties. Amber-yellow powder, having a slightly sour astringent
taste.

Calculation according to Schwarz. R. Schwarz.
56 C 336 55-00 54-91
27 H 27 4-41 4-61
31 O 248 40-59 40-48

4C"H"O7+3aq. 611 100-00 100-00

After deduction of 1*5 p. c. ash.

When heated with aqueous mineral acids, it yields a reddish-yellow
precipitate of rhodoxanthin, which, after drying in vacuo, contains
52-40 p. c. C., 4'66 II., and 42-94 0. (C^HW = 2C14IFOS + HO; ealc.

52-06 C., 3-70 H.), and decomposes at 100.

Stannic Wiodotannate. Aqueous rhodotannic acid forms with stan-
nic hydrochlorate a precipitate of a fine yellow colour.

140 C
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when evaporated it leaves an amorphous, yellowish green varnish. The

aqueous acid colours ferric chloride dark green, and forms with it a pre-

cipitate of the same colour ;
it colours tartar-emetic deep yellow with-

out precipitation, and renders gelatin-solution turbid when concentrated.

Lead-salt. Khittel.

18 C 108 .... 24-00 24-16

14 H 14 .... 3-12 3-12

13 104 .... 23-12 23-24

2 PbO 224 .... 49-76 49'48

ClsH 14O13
,2PbO 450 .... 100-00 100*00

23. Rubitannic Acid.

CUH8 8
?

C. WILLIGK. Wien. AJcad. Ber. 8, 18 ; J". pr. Chen. 58, 118 ; Ann. Pharm.

82, 340 ; Pharm. Centr. 1852, 373 ; Chem. Gaz. 1852, 275.

Occurrence. In the leaves of Eiibia tinctorum.

Preparation. The aqueous decoction is precipitated with neutral

acetate of lead, the precipitate digested with dilute acetic acid ; the

filtrate precipitated by ammonia, and the resulting precipitate washed
with alcohol and decomposed under alcohol of sp. gr. 0'83 with hydro-
sulphuric acid. The liquid filtered from the sulphide of lead is freed

from alcohol by distillation, then mixed with water, and precipitated

by basic acetate of lead. The precipitate is decomposed under water

by hydrosulphuric acid, and the filtrate evaporated over the water-
bath.

Very hygroscopic. Coloured red-brown by ammonia.

Calculation according to Willigk. Willigk.
28 C 168 42-96 43-09
23 H 23 5-88 5'89
25 200 61-16 51-02

2C14H8O9
+7aq 391 lOO'OO 100-00

It still retained a small quantity of ash.

Rubitannate ofLead. The decoction prepared from the fresh herb
is
precipitated

with neutral acetate of lead; the precipitate is digested
with dilute acetic acid ; and for the preparation of the lead-salt a, the
acetic acid filtrate is precipitated with ammonia ; the precipitate is de-

composed by hydrosulphuric acid ; and the filtrate, after being freed
from excess of hydrosulphuric acid, is precipitated with basic acetate
of lead. - To prepare the lead-salt

,
the acetic acid filtrate is precipi-

tated with basic acetate of lead ; the precipitate is decomposed under
water by hydrosulphuric acid, and the filtrate, after being freed from
hydrosulphuric acid, is precipitated with neutral acetate of lead.
The lead-salt c is obtained by adding neutral acetate of lead to the
decoction of the dried herb, till a sample of the precipitate dissolves

completely in acetic acid
; removing the precipitate formed up to that

stage of the reaction ; precipitating the filtrate with neutral acetate of
lead ; decomposing the precipitate last obtained with hydrosulphuric
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acid ; heating the filtrate to expel the excess of that reagent ; and then

precipitating- with neutral acetate of lead.

at

70 C
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filtrate is precipitated with water ; the liquid again filtered, and then

precipitated with neutral acetate of lead. The precipitate is collected

(the filtrate yields, with ammonia, another precipitate of the same composition),
and decomposed under water with hydrosulphuric acid, whereby an.

insipid, or if much concentrated, an astringent filtrate is obtained,

precipitable by isinglass. The lead-salt is insoluble in acetic acid.

28 C
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Page 3.

Pyrrol-red. 0. Hesse has observed this substance among the pro-
ducts of the putrefaction of yeast (/. pr. Chem. 70, 44). On distilling
the putrefied yeast at a moderate heat, a large number of fatty acids,
volatile bases, &c., are given off ; and on subjecting the residue to dry
distillation, amylamine and ammonia are evolved, together with a sub-

stance, which, when its hot solution is mixed with hydrochloric acid,

is immediately converted into a thick, red, amorphous mass of pyrrol-
red ; hence it appears probable that pyrrol is formed in the decompo-
sition of the carcases of infusoria.

The pyrrol-red obtained as above, after being well washed and
dried in vacuo, formed a black shining mass, which yielded a coffee-

coloured powder ;
it was sparingly soluble in water, ether, acids, and

ammonia, easily in alcohol. It gave, by analysis, 66*6 p. c. carbon,
7'1 hydrogen, and 8*8 nitrogen ;

also a small quantity of sulphur,

probably an impurity arising from the decomposition of some of the

other products of the putrefaction of the yeast.

Page 57.

Appendix to Physodin,

Ceratophyllin.

0. HESSE. Ann. PJiarm. 119, 365.

Occurs, together with physodin, in Parmelia ceratopliylla, var.

ftliysodes (also called Parmelia phi/sodes).

Preparation. About 3 Ibs. of the lichen, after being washed with

water, is stirred up with clear lime-water ;
the alkaline solution is

neutralised with hydrochloric acid ; and the resulting yellowish -Toy
flnmilent precipitate is washed several times with cold water to remove

the excess of acid, then collected, dried in the air, and freed from

uncrystall isable matter by digestion with boiling alcohol of 75 p. c.

There then remains a dark green, soft, elastic mass, probably contain-

ing physodin and usnic acid, to remove which, the mass is boiled with

strong soda-ley. A dark brown liquid is thus obtained, which, on

cooling, deposits ceratophyllin unmixed with either of the substances
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just mentioned. It may be separated from the mother-liquor by
filtration, and purified by recrystallisatiori from boiling alcohol with the

aid of animal charcoal. When the lichen, without previous washing, is stirred up
with thin milk of lime, the yellowish filtrate does not yield any precipitate with hydro-
chloric acid. The precipitate formed as above described is particularly abundant when
the lichen has been obtained from birch-stems, and the maceration has not been con-
tinued for more than 15 hours.

Properties. Thin, white prisms, which when placed upon the tongue
produce, at first, a slightly irritating taste, soon becoming rather

strongly perceptible in the throat ; subsequently a persistent burning
sensation is experienced on the tongue. Melts at 147 to a colourless

liquid, and solidifies in the crystalline form between 136 and 138.
It begins to sublime even at the melting point, and at a somewhat
higher temperature sublimes very easily and without alteration in thin,
colourless laminae.

Ceratophyllin appears to be a higher homologue of orsellate of

ethyl, C 20!!1^8
(xii, 373); its melting point is about 15 degrees higher

than that of the latter.

Ceratophyllin is much more soluble in hot water than in cold ; it

dissolves readily in alcohol, ether, potash-ley, aqueous ammonia, and lime-

water. The alcoholic solution, which has a neutral reaction, is coloured

purple-violet by a small quantity of ferric chloride, blood-red by solution
of chloride of lime, the latter colour being destroyed by exgess of the

reagent; no precipitate with alcoholic sugar of lead or nitrate of
silver. From the ammoniacal solution, hydrochloric acid throws down
the Ceratophyllin in thin prisms. Ceratophyllin dissolves in dilute

nitric acid, the solution acquiring only a slight yellow tint when heated.

Strong sulphuric acid dissolves it without alteration at ordinary tem-

peratures, but chars it when heated.

Page 58.

Leuct'c Acid. This acid is produced by the action of potash or of
silver-oxide on bromo-caproic acid (Cahours, Ann. Pharm. Suppl. 2, 78):

C12HBrO4 + KO,HO = KBr + C 12H 12O6
.

Bromocaproic acid. Leucic acid.

Page 73.

Starch-granules in the Atmosphere. Pasteur, by drawing air for
some time through a[tube containing a plug of gun-cotton, to arrest the
particles of dust carried along by the current, then dissolving up the
cotton with ether-alcohol, leaving the dust to settle, decanting the
liquid, washing the dust several times with ether-alcohol, and then
testing it under the microscope with iodine-water, has shown that
starch-granules constantly exist in the atmosphere. -

Starch-granules
are also found in the dust which settles on floors, furniture, &c.
(N. Ann. Chim. Phys. 64, 29).
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Page 83.

Starch, heated with bromine and water, yields a solution which no

longer contains free bromine, but does not yield any crystallised acid

like isobiglycolethylenic acid (p. 233), or any other crystallisablc

compound (Earth & Hlasiwetz, Ann. Pharm. 122, 111).

Page 135.

Cellulose (cotton), treated in like manner with bromine and water,
is partially dissolved, but yields only traces of an acid syrup (Barth &
Hlasiwetz, loc. cit.).

Page 175.

Spontaneous Decomposition of Pyroxylin under the influence of diffused

1,-ylit. (Boiiet, Compt. rend. 53, 405; Zeitschr. Ch. Pharm. 5, 96.)
Two samples of pyroylin, (a) prepared with a mixture of sulphuric acid

and nitrate of potash, (b) with nitro-sulphuric acid, and both kept in

stoppered bottles exposed to diffused daylight, underwent spontaneous
decomposition in the course of four years ; a decomposing more quickly
than &, and with much greater energy. In both cases the decompo-
sition was accompanied by the evolution of red vapours, which showed
themselves before the decomposition was complete.

The solid residue of a was porous, having the appearance of a sub-

stance which had been more or less fluid ; that of b was compact, hard,
and clastic, had more or less of a gummy aspect, and a yellowish white

or straw-yellow colour ; the colour of the residue a was darker, like

that of sugar somewhat considerably caramelised.

In both cases the sides of the bottles were covered with crystals
of oxalic acid (comp. Hofmann, p. 175) ; the residue of b was also pene-
trated by these crystals in several places.

The atmosphere above the residue b was strongly acid, and con-

tained carbonic aud formic acids, together with a vapour which had a

great attraction for water. Some indications of the presence of

cyanogen were likewise obtained ; but they were not decisive. The

gas did not give any indications of the presence of either of the

oxygen-compounds of nitrogen, not even of nitric oxide.

The solid residue freed from oxalic acid by alcohol, left a white

substance, perfectly soluble in water, like gum.
According to Chevrcul (Compt. rend. 53, 407), pyroxylin may be

kept in the dark for ten years without decomposing.

Page 254,

Conversion of Cane-sugar into Glucose by the action of Acids.

Lowenthal & Lenssen (J. pr. Chcm. 85, 321) have examined the
manner in which this reaction is affected by variations in the propor-
tions of acid, sugar, and water present, as well as by the duration of the

process and the temperature at which it takes place. All the experi-
ments were made at the atmospheric temperature, excepting those
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in which the effect of change of temperature was the special object
studied.

1. The intensity of the action of sulphuric acid upon sugar
diminishes as the quantity of acid increases up to a certain point, after

which it increases in proportion to the quantity of acid used.
2. The action is proportional to the quantity of sugar present. The
same quantity of acid, treated with increasing quantities of aqueous
cane-sugar, was found to yield quantities of glucose, varying from
3*49 to 3*56 per cent, of the sugar employed. 3. The intensity of the

action diminishes to a certain point as the solution is more dilute ; but

beyond that point the intensity of the action increases with the degree
of dilution. 4. In the early stages of the reaction its intensity con-

tinually increases, but as soon as 2 at. glucose have been formed for

every 5 at. acid, it progressively diminishes.

A solution of cane-sugar left to itself for about a fortnight, is

found to contain glucose ; no alteration is however perceptible in it at

the end of 24 hours, even if it has been kept at the boiling heat
,
but

if it be heated under pressure with a small quantity of acid, a very
energetic action takes place, increasing with the temperature.

All monobasic mineral acids modify sugar in the same degree. The
neutral salts of these acids, on the contrary, have no action upon it ;

nevertheless, their presence accelerates the action of acids on sac-

charine solutions : thus the transformation of cane-sugar into glucose

by hydrochloric acid takes place much more quickly on the addition of

chloride of calcium. The neutral salt however acts only when at

least 2 molecules of acid are present to 5 molecules of the salt ; more-
over its effect is limited to the earlier stages of the action ; after the

lapse of a few hours, the action g-oes on as if there were no neutral salt

present. Nitric, hydriodic and chloric acids, act in presence of their

neutral salts in the same manner as hydrochloric acid with chloride of

calcium. Lowenthal & Lenssen attribute the effect of neutral salts

to their power of combining with a portion of the water, and thus

increasing the strength of the acid.

Page 290.

Colloidal* condition of Sucrates. (Graham, Cliem. Soc. J. 15, 255),

* The term colloidal is applied by Graham to a class of bodies of which gelatin

may be regarded as the type which possess but little diffusibility, form gelatinous

hydrates, are remarkably inactive in their chemical relations, incapable of crystal-

lising, and though largly soluble in water, are yet retained in it by a very feeble force.

Such are aqueous silicic acid, aqueous alumina, starch, dextrin, the gums, caramel,

tannin, albumin, gelatin, vegetable and animal extractive matters. Those sub-

stances, on the contrary, which are capable of crystallising and exhibit a high degree of

diffusibility are called crystalloids. Liquid colloids appear to have always a pectous
or curdled modification, and often pass into that condition under the slightest influences.

Many solid colloidal substances, such as the jelly of starch, that of animal mucus, of

vegetable gelose, &c., are easily permeable to crystalloidal substances, but offer great
resistance to the passage of colloids, like themselves. Hence a septum of such sub-

stance affords an excellent means of separating crystalloidal from colloidal substance,
in solution. A very convenient apparatus for the purpose consists of a sheet of parch-

ment-paper stretched over a hoop like a drum, which is then caused to float upon a large

quantity of pure water, the mixed colloid and crystalloid solution being poured upon its

upper surface. Such an apparatus is called a "dialyser," and the separation of crystal-

loids froiu colloids in this manner is called "
dialysis."
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of Liuic. The solution of lime in sugar forms a solid coa-

galum when heated^ and at a high temperature is probably entirely
colloidal. The solution obtained on cooling* passes through a septum
of parchment-paper, but requires a much longer time than a true

crystalloid like chloride of calcium.

Sucrate of Uranyl. A colloidal compound is obtained by adding

potash to a mixture of uranic nitrate or chloride with sugar, avoiding
heat. The solution is of a deep orange colour, and on the dialyser
soon loses the whole of its acid and alkali. The fluid sucratc has con-

siderable stability, but is readily pectised (coagulated) by salts, with

separation of a basic sucratc which is soluble, to a considerable extent,
in pure water.

Ferric Sucrate. Ferric chloride mixed with sugar is not precipitated

by potash, provided the temperature is not allowed to rise. The ferric

oxide combined with the sugar is colloidal and remains without loss on

the dialyser. At a certain stage, however, the sugar appears to leave

the ferric oxide ;
a gelatinous ferric subsucrate pectiscs. The basic

sucratc thrown down from the soluble sucrate by the addition of sulphate
of poiash, consisted of about 22 pts. sugar, to 78 pts. ferric oxide.

Cupric Sucrate. The deep blue liquid obtained by adding potash to

a mixed solution of cupric chloride and sugar, appears to contain a

colloidal substance. It loses by dialysis the whole of its potassium
and chlorine, a colourless liquid passing through the dialyser, and a

green liquid remaining, consisting of a compound of sugar with cupric
oxid'e. This solution, when mixed with salts or acids (even acetic

acid) deposits a bluish-green pcctous precipitate (containing about
1 pt. sugar to 2 pts. cupric oxide) ; when heated strongly, it also

yields a bluish green precipitate, and does not allow the protoxide of

copper to be easily reduced to dioxide. When evaporated, it leaves

transparent emerald-green films, which are not altered by alcohol

either cold or boiling, but are resolved by water into sugar and the

pcctous bluish-green compound above-mentioned.
The blue solution of cupric tartrate in caustic potash contains a

colloidal compound which has not yet been fully examined.

Page 291.

Caramelant. (Gelis, N.Anu. Chim. Phys. 65, 497.) This substance

may be obtained quite colourless, by operating- on starch-sugar
[ ? by heating it for some time to 190, and operating as described at page 291]
and decolorising the product with crude animal charcoal. This colour-
less caramelanc, as well as the coloured product described at page 291,
is not capable of reproduing sugar.

If caramel be prepared without attention to the precautions indi-

cated by Gel is [beating sugar for some time to a temperature not below 190],
if, for example, the heat is too low, or not continued long enough, the

portion of the caramel which is soluble in alcohol, contains a large

quantity of glucosan as well as caramelanc. Glucosan is likewise

colourless, and is distinguished from caramelano by its power of repro-
ducing the sugar from which it was derived, when subjected to certain
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influences, especially to the action of water or dilute acids. This

property, already noticed by Gelis (N. Ann. Cliim. Phys. 57, 234),

explains a fact recently observed by Pohl, (seo p. 249) namely, that

certain caramels regain their saccharine taste by keeping.

Page 293.

Caramelin (Graham, Chem. Soc. J. 15, 258). When crude

caramel, obtained by heating- cane-sugar to 210 220, is placed on
the dialyser, certain colouring matters of intermediate composition,
the caramel arie and caramclene of Gelis pass through, and caramclin,
the most highly carbonised compound of the three, remains behind.

This purified caramel (which may also be obtained from crude caramel,

by repeatedly precipitating the aqueous solution with alcohol till the

precipitate is no longer plastic, but] pulverulent,) possesses five

times the colouring power of the original caramel. A solution con-

taining 10 per cent, of it is gummy, and changes, on standing, to a

jelly perfectly soluble both in hot and in cold water; the solution

dries up in vacuo to a black shining mass, which, so long as it retains

a certain amount of water, is still tough and elastic. If this purified
caramel be carefully dried at a comparatively low temperature, it

remains soluble in water after being heated to 120, but if the solution

be at once evaporated to dryness at 100, the caramel becomes inso-

luble both in cold and in hot water. Purified caramel gave, by
analysis, 54*59 p. c. carbon, answering nearly to the formula
C24I113 13

,
which requires 55'17 p. c.

; Gelis (N. Ann. Chim. Phys. 52, 377,
obtained in two analyses of his caramelin 55'06 and 55'11 p. c. carbon).

A solution of pure caramel (caramelin) is tasteless, and has a

neutral reaction. The caramel is precipitated from it by the smallest

quantity of mineral acids, alkaline sulphides, chloride of sodium, and
most other salts, and by alcohol, as a brownish black, pulverulent sub-

stance, insoluble in water, whether cold or hot.' In the crude product of

the roasting of sugar, the caramel is protected from the action of these bodies by thef

intermediate brown substances present. The caramel, thus rendered insoluble,
swells up to a jelly in dilute potash-ley, and dissolves when the -liquid
is warmed. On dialysing this solution, the proportion of potash in it

is quickly reduced to about 9 per cent., and if acetic acid be then

added, the whole of the potash passes through the dialyser, and pure
caramel remains behind.

Page 357.

Mannite in the Olive.

DE LucA. Compt. rend. 55, 506.

Mannite exists in all parts of the olive, especially in the leaves,

flowers, and fruits of the olive, in quantities varying with the season.
The leaves when macerated for some days in strong alcohol, give

up water, which passes into the alcoholic solvent, and at the same
time mannite separates out upon their surface in stellate groups of silky
needles. When the leaves are treated with boiling alcohol, the liquid,
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on cooling-, deposits mannitc mixed with other substances soluble in

alcohol.

The leaves in the earlier stages of their growth contain but a
small quantity of mannite ; it increases as they develop, but diminishes

during the flowering time, and while the leaves are beginning to

assume their green tint ; and disappears entirely when they turn yellow
and fall off.

The following table shows the quantities of mannite obtained from
the leaves of different olive trees, growing in the neighbourhood of

Pisa.
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oy mannitan, which, on exposure to the air, takes up the elements of

water, and is converted into mannite.

Pages 384, 389.

Identity of Melampyrite and Dulcite.

L. GILMER. Ann. Pharm. 123, 372.

ERLENMEYER & WANKLYN. Chew. Soc. J. 15, 455.

The identity of these two bodies is shown by comparison of their

crystalline forms, composition, and reactions.

Melampyrite (from Melampyrum nemorosum), crystallises from" a

moderately warm aqueous solution in transparent, colourless, shining

prisms, of the oblique prismatic (monoclinic) system, with octahedral

summits, the edges of which arc truncated by the faces of an orthodia-

gonal dome, or the combination by ooP . + P . P . -{- Pco . PGO .

Inclinations of the faces, oo P : oo P = 112 ; + P :
- P = 115 45' ;

oo P : + P = 134 45' (Gilmer).
The crystals of dulcite are described by Laurent as monoclinic

prisms, having their obtuse edges symetrically truncated, together
with the octahedral, and the basal end-faces, oo P : GO Pco : + P
P . o P . Inclination of coP : ooP = 112 ; + P :

- P = 115 26';

ocP . + P = 134 42' (sec page 385). The crystals of dulcite and

melampyrite are therefore identical, so far as regards their primary
forms and chief modifications

;
in both bodies also they are generally

aggregated in crusts. Both are slightly sweet, optically inactive, and
not capable of fermenting with yeast.

The melting point of melampyrin, as determined by Gilmer, is 180

(uncorrected) ; according to Eichler (p. 390) it is 186 ; that of dulcite

is 190 (Laurent); 182 (Jacquelain). Both bodies crystallise from

fusion.

The composition of melampyrite, agrees with the formula of dulcite,

C 12II14 12
,
a result corroborated by the analysis of the baryta-com-

pound.

Erlenmeyer

Melampyrile, at 140. Gilmer. & Wanklyn.

12 C 72 39-56 39'46 .... 397 .... 39'33

14 H., 14 7-69 7-87 .... 7'9 .... 7'90

12 96 52-75 52-67 .... 52-4 .... 52-77

C 12H 14O12
.... 182 100-00 100-00 .... lOO'O .... 100-00

Baryta-compound, at 140. Gilmer.

12 C 72 22-7 22-4

12 H 12 3-8 4'1

10 80 25-2 23-6

2 BaO 153 48'3 49'9

C12H' 2JBa2O12
.... .. 317 .. 100-0 , .. lOO'O
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Earyta-compound dried over oil of vitriol. Gilmer.

12 C .







S52

=?-& 408se
try..
chem.

40b'U;:




